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Document Processing Center
EPA East - Room 6428 Attn: Section 8(e)
Office of Pollution Prevention and Toxics, U.S. EPA
1200 Pennsylvania Avenue NW
Washington, DC 20460-000 1

Re: TSCA 8(e) Substantial Risk Notice: Sulfonate-based and Carboxylic-based
Fluorochemicals, Docket 8EHQ-0598-373 - Results from Analysis of Surface
Water and Groundwater in the Decatur, Alabama Area

Dear Sir or Madam:

3M is submitting this notice to supplement its previous submissions on sulfonate and
carboxylic-based fluorochemicals. More specifically, the data contained in this
submittal have been generated as part of a site-related environmental assessment for
fluorochemicals that 3M is performing for its 3M Decatur, Alabama manufacturing
facility. As part of this effort, 3M has recently received the enclosed final analytical
reports and summary figures for sampling activities conducted at a regional landfill that
previously operated in the vicinity of our Decatur manufacturing facility.

In a submittal to the subject dockets dated July 5, 2012, 3M provided final analytical
results for samples of sediments, surface water and groundwater collected at the
aforementioned former disposal site. This location was previously known as the former
Bert Jeffries landfill but now is being referred to as the Browns Ferry Road Site. In
October 2012, additional surface water and groundwater samples were collected for
analysis to augment the previously submitted data. Results from this work are provided
in the attached final laboratory reports and figures. Figure 1 depicts the groundwater
sampling locations. The monitoring well designations "MWxR" and "MWxL" refer to
shallow (residuum) and limestone bedrock water-bearing units, respectively. Figure 2,
also attached, illustrates the sample locations for the surface water samples that were
collected in October 2012.

The analytical reports summarizing and documenting the data for the referenced
sampling efforts are attached and identified as follows:

GLP 10-0 1-0 1, Interim Report 3 8: Analysis of PFOA in Water Samples
Collected at the Former Bert Jeffries Landfill in Decatur, AL - October
2012

CONTAINS NO C81
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GLP1O-Ol-02; Interim Report 37 - Analysis of PFBS, PFHS, and PFOS
in Water Samples Collected at the Former Bert Jeffries Landfill in
Decatur, AL - October 2012

While some of the data has been summarized on the figures, it should be noted that the
complete data set is contained within the attached analytical reports.

While 3M does not believe that any of these data taken alone or cumulatively meet the
"substantial risk" reporting threshold, we nevertheless recognize the ongoing work by
U.S. EPA to assess fluorochemical exposure pathways. Therefore, we are placing these
results in the 8(e) docket as a supplement to previous submissions.

If you have any questions, please contact Deanna Luebker at 651-737-1374 or
di luebkerg~mmm.com.

Sincerely,

Jean B. Sweeney
Vice President
Environmental, Health and Safety Operations

Attachments

Figure 1 - Browns Ferry Road Site Groundwater Sampling Locations
Figure 2 - Browns Ferry Road Site Surface Water Sampling Locations

GLP 10-0 1-0 1, Interim Report 3 8
GLPl10-0 1-02, Interim Report 3 7

cc: Glenda Dean, ADEM
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GLP COMPLIANCE STATEMENT

Report Title: GLP1O-01-01, inerm Report 38. Analysis of PFOA in Water Samples Collected at the
Fonner Bert Jeferies Property in Decatur, AL - October 2012.

Study. Anialysis of Perfluorooctanolc Acid (PFOA) in Groundwater, Soil and Sediment for the 3M
Decatur Phase 3 Sile-Related Monitoring Program.

This analytical phase was conducted in compilance with Toxic Substances Control Act (TSCA) Good
Laboratory Practice (GLP) Standards, 40 CFR 79Z wi the exceptionis listed below.

* These are environmnental samples where thee is no specfc test substanc, no specific test
system and no dosing of a test system.

* The reference substances have not been characterized under the GLPs and the stability under
storage conditions at the test site have not been determined under GIPs.

Jaisithha Kesai, P.E., DEE, Study Director Dt
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QUALITY ASSURANCE STATEMENT

Report Title: GIP1 0-01-01, Interim Report 38. Analysis of PFOA i Water Samples Coew at
the Former Bert Jefferies Property in Decatur, AL - October 2012.

Study. Analysis of Pertluorooctanoic Acid (PFOA) in Groundwater, Soil and Sediment for tt* $M
Decatur Phase 3 Site-Related Monitouing Program.

This report and the accompanying data were audited by the 3M Environmental Lbrtr ~t
Assurance Unit (QAU), as indicated below. The findings were reported to the: pripalanIl
investigator (PA I.), laboratory management and study director.

DateR to

hispoctbri Meis Phase Teeing Faeflt MuyDrc

11/02/12. 11/M512 DaWaReport 11/15/12 11115112
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1 Study Informatfon

Sponsor

3M Company
Sponsor Representative
Gary Hohenstein
3M EHS Operations
3M Building 224-5W-03
Saint Paul, MN 55144-1000
Phone: (651) 737-3570

Study Director
Jaisimha Kesail, P.E., DEE
Weston Solutions, Inc.
West Chester, PA 19380
Phone: (610) 701-3761
Fax (610) 701-7401
j.kesarigvfestonsborns.com
Study Location
Testing Facility

3M EHS Operations
3M Envionmena Laboratory
Building 260-N-17
St Paul, MN 55144
Study Personnel

William K. Reagen, Ph.D., 3M Laboratory Manager
Cleston Lange, Ph.D., Principal Analytical Investigator. (cdanoegbmmm.com); phone (651 )-7$$$W86
Susa Wolf, 3M Analys
Chelsie Grochow, Analyst
Kevin Eich, Analyst
Kelly Uikes, Analys
Jonathan Steege, Analyst
Study Dates
Study Initiation: March 8, 2010
Interimi Report 38 Experimental Termhation: October 26, 2012
1,ntei i Report Completion: Date of Interim Report Siging
Location of Archives
All original raw data and the analytical report have been archived at the 3M Environmeflt
Laboratory according to 40 CFR Part 792. The test substance and analytical referencei 9"nard
reserve samples are archived at the 3M Environmental Laboratory according to 40 CFR P~rt 792
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2 Summary

A total of Wifine sample bottles were received at the 3M Environmental Laboratory for
perfluorooctanoate (PFOA) analysisfrm WestonpersonnelonOctober 16,2012. The water samples
were collected from fourteen groundwater locatons and six suface water collections at and near the
former Bert Jeffries property, and were logged into the laboratory information management system
(LIMS) under project GLPIO-01-01-38. Due to lack of water, no samples were colleced from one of
the surface water locationis (ET0l).

The 3M Environmental Laboratory prepared sample containers for fourteen groundwater and three
surface water locations collected on October B-1 1, 2012. For each sampling location, a total of thiree
sample bottles were prepared (sample, sample dupicate, and a field matrix spice). A trip blank sample
containing Milli-QlTm water and a trip blank spike was included with the sample bottles. A single
equipment rinseate blank was also collected. The equipment rinseate blank did not have FMVS
samples prepared for determination of PFOA recovery. All sample bottles included the addition of
C8-PFOA (internal standard) at a nominal concentration of 1 nglmL and 13C4-PFOA (surrogate

recovery standard) at a nominal concenr~ation of 0.1 nglmL.

Weston personnel collected sige sample replicates on 10/1/12 from four surface water sampling
locations (ETO2, E17O3, E17O5, and WTOI) along with one trip blank sample. For these four sampling
locations, the addition of "3C8 PFOA (internal standard) and 13C4-PFOA (surrogate recovery stanidard)
was performned after sample colletion, and before sample analysis.

All of the samples were prepared and analyzed for PFOA fllowing 3M Envronmental Laboratory
Method ETS-8-044.1. Where applicable, samples were analyzed against an internal standard
calibration curve. The measured PFOA concentrations are summarized in Table 1. Where
applicable, the value reported is the average for the duplicate water samples that were collected. The
hip blank and equipment blank samples were below the lower limit of quantitation (LLOQ) of 0.0240
ng/mL, indicating adequate control of sample contamination during shipping and sample collection. The
analytical uncertainty for PFOA was estimated at *16%.
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Table 1. Summarized PFOA Results (Former Bert Jeffries Property, October 2012),

Avg. PFOA RelatWeT
Sample ID Concentration Pre~

JPAL GW MWIR 121010 1.60 1.9%,___
JPAL GW I~W3R 121010 6.56 4.9%'___
JPAL GW MW4R 121010 1.97 9.1%
JPAL GW MWV4l121010 0.259 1 .9%1
JPAL GW MW5R 121010 0.0952 0.211 0
JPAL GW MW5L 121010 0.741 0.814
JPAL GW MvWeR 121010 1.493A
JPAL GW W6L 121010 0.2053^
JPAL GW MWR 121010 9.34 5.6
JPAL GW MW8R 121010 0.202M_____
JPAL GW MW9RI121011 0.181 .!
JPAL GW W9L 1210111 0.0290 8
JPAL GW MWIORI121010 0.5100.9
JPALGWMfWI1L 121010 0.268.3%-
JPAL SW ETO4 121008 0.10636
JPAL SW DC01 121008 0.601 2.8
JPAL SW ET02 121001 <0.0240 A
JPAL SW ETO3 121001 0.0752 NC
JPAL SW E17O5 121001 0.0649NA I
JPAL SW WT01 121001 <0.0240M
Trip Blan GW (MUi-Qrm Water) <0.0240 NAM
Trip Blanks SW (Mii-Q~m Water) 121001 <c0.0240 NA.
GLP10-01-01-38 Equomert finseate blank:0 NA
JPAL GW MW5L _____

Nk Not Appicable.
The anuwicel method uncwwty* ana~y by Intena catraton Ior PFC)A Is +16%.
(1) The RPD chd not meet acceptacterla or!=2%.
(2) A fied diuiIici sampl vas not collecled for this ewnip&ln lcatio.
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3 Introduction

This analytcal study was conducted as part of the Phase 3 Environmental Monitorin and Assessment
Program for the 3M facility located in Decatur, Alabama. The objective of the overall program, is to gain
ifoion regarding concentrations of peffluorooctanoate (PFOA) in various envirornmental media

such as groundwater, soils and sediments that are associated with and near the Decatur facility. This
analytical study was conducted to analyze ground water samples collected from twenty locations from
Off-Site Well on the Bert Jefferies property in Decatur, Al for PFOK.

The 3M Environmental Laboratory prepared sample botfies (250 mL hi-diensity polyethylene) for
fourteen groundwater and three surface water locations, which were shipped to Decatur, AL Weston
personnel prior to field sampling. Sample bottle sets for each sampling location included a field
sample, field sample duplicate, and field spike sample. Each empty container for sampinig was
marked with a m 11 to here" line to produce a final sample volumie o( 200 mL Containers designated for
field matrix samples were fortified with an appropriate matrix spike solution containing PFOA prior to
being sent to the field for sample collection. All sample bottles included the addition of 13CffPiFOA
(internal standard) at a nominal concentration of 1 nglmL and 13C4PFOA (swogate recovery standard)
at anominal concentration of 0.1nglmL. For the single surface water samples from four sampling
locations (ETO2, ETO3, E17O5, and WTOI), the internal standard and surrogate recovery standard was
added to a sample aliquot just prior to sample analysis. See section 8.8 of the report for field matrix
spike levels.

Samples were prepared and analyzed according to the procedure defined in 3M Environmental
Laboratory miethod ETS-8-044.1 "Method of Analysis for the Determination of Perfluorinated
Compounds in Water by LCIMSIMS; Direct Injection MatysWs. The use of an internal standard was
used to aid in the data quality objectives.

Table 1 summarizes the PFOA concentration for the water samples collected, as well as te tri blank
and equipment rinseate blank samples. Where applicable, the value reported is thie average for thie
duplicate water samples that were collected. Tables 10-28 sumimarize Ihe indmdual sample results
and the associated FMS recoveries. All results for t quality control samples prepared and analyzed
with the samples are reported and discussed elsewhere in ti report.

4 Teat & Control Substances

There was noot a tes substance or control substances in te classic sense of a GLP study. This study
was purely analytical in nature.

Page 11ao 88



I lt

GLP10-01-01; In~ Report 38
Analysis of PFOA WtrSunpie

Fonner Bart .Jeffries Property i-oErt 2012

5 Reference Substances

The analytia reference sthbstances used for this study are listed below.

PFOA PFOA

chemical Nae. PamoodEo IM omOacate Perluomcodewais

Cheical Formia C7F15COOH 7 F,5CO0 ' 3 1 'HF0 13 H

Iderile CAS # 95328-99-7 CAS # 335-67-1 MPFOA IF 1

Target Analyt FMS Reference
use ~~~Reference SaxadSroae Itra tor

Source Weington Sigma Aklrch Wellon W14 j
E~qation Date 03/17/2014 07/27/2D16 12107/2013 01 i"152

Clons Frozen Amibient Frozen FroIo

Chemical Lo TPFOA0311I MKBD4574V MPFOA1210 0120114
Number ______

TCR1 1-0009.
TCR Number TCR1 1-0042 TCR1 1-0029 TCRI 1-0001 TCR12-4

TCR1 1-007 ____________ _____

Physical ____Pwe Uud k~

Pwlty 98.3% 96.8% >M6 NA

(1) Comipound isperto a asrn mbnuihs mess-leeled perluoad1ied comnUwds sta conca,*alion c%5*hag1L-
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6 Test System

There was not a test system for this study in the classic sense of a GLP study. This stud was
conductd for analysis of surface water samples collecte from the Jeffries property located near
Decatur, AL by Weston Solutions, Inc. personnel. Samples for this study are "real world" environmental
-amle.

Table 2. Sample Description Key Code.

Sf Nmber -h ec ~ ~ fo

Exrample JPAL-GWJIWR-12100 _____________

1 Sample Locaflen JPAL- Jdfl~m Pmwur Albaom
2 Sample Type GW- Giround Watr
3 Wlisner Exm MWIR
4 WWLOWl R - Resiuum shallow wafer-bewl ne

L - Bedrock wwaftln zone
______________S - Epfkart middle waW srkatn zone

5 arv Dale 121009- Oeisber 9, 2)12
6 Sample Type O-primaryanpi

___________________ _____________ FM - Rei AIM* SMWk

7 Method Summary

7.1 Method
Analysis for all ana~es was completed following 3M Environmental Laboratory method EUS-8-044.1
"Method of Analysis for the Determination of Perfluoiinated Compounds In Water by High Performance
Liquid Chromatography/Mlass Spectrometry Direct Injection Analysis'.

7.2 Sample Collection
Samiples were collected in 250 mL Nalgene (high-density polyethylene) bottles prepared at the 3M
Environmental Laboratory. Sample bottles associated with GLPIO-0 1-01-38 were returned to the
Laboratory at ambient conditions on October 16, 2012. Samples were stored refrigerated at the
laboratory after receipt A set of laboratory prepared Trip Blank and Trip Blank field matrix spike were
sent with the set of sample collection bottles.

7.3 Sample Preparation
Samples were prepared by removing an aliquot of the well mixed sample and placing it in an autovial for
analysis.

During the preparation of the laboratory control samples, an aliquot of a separate internal standard
spiking solution was added to the laboratory control samples (nominal concentration of I nglmL). The
samples bottles were spiked with an internal standard mix at a nominal concentration of 1 ng~mL prior to
being sent to the field for sample collection.

For the single surface water samples from four sampling locations (ETO2, ETO3, ETOS, and WTOI)
collected on 1011/12, an aliquot of te well mixed sample was removed and spiced with internal
standard 13C8-POA (nominal concentration of 1 ng/mL), and surrogate recovery standard 13CrPFOA
(nominal concentration of 0.1 ng~mL), prior to sample analysis.

Page 13 of 88
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7.4 AnalysIs
Al study samples and quality control samples were analyzed for PFOA usrog high per bmanco0 'Aui
chroa tography/ tandlem mass spectrometry (HPFLCMSIMS). Detaled instrument amer$e
lkluid chroatoraphy gradent program, and the Specific mass tanslions analyzed are in~4* te
raw data hard copies placed in the &Wia data pacet and are briefly described below in TabIol 3atie 4,
and Table 5.

Table 3. Instrument Parameters.

histrde Norm ETh Kft
ANdci MeiOwd Folowed ETS-8-44.1

Anabel. D% 1(P24112 & 1O)2
Upgd Chromitowuph Adit 1200

Guard column Betasil Ci8 (4.6mmf X 100 mm). 5p
Analyica column BeWAi C18 (4.6 mm X 100mm).n 5g
Inodcion Volurm 25 t
Was. Spectrometer Applied BicwstmsAPI 5500
Ion Source TEWbSPruy

Elechud Twbo ion elece

Seclwnre Analys 1.6.1

Table 4. Liquid Chromatography Conditions.

SOW ToWa Thw R Fow R.0e I PmceA I Pacerit
Nubr (Mon) &L~'hd) I 2 mN affmmm acetat ~yo

___ET_4___ 1W24112& 1W212
1 000D 750 90-0 100

2 0.50 750 90.0 10.0
3 4-00 750 70.0 300O
4 6.00 750 70.0 30.0
5 11.00 750 20.0 80.0
6 13.00 750 20.0 80.0
7 13.50 750 10.0 90.0
8 16.00 750 10.0 90.0
9 16-50 750 90.0 100

-10 19.00 750 90.0 10.0

Table 5. Mass Transitions.

An**s Ab Tanuitlon kon~a r MAu Trandu,
___ ___01103 __ _ _ _ 01103

413/3W
PFOkA 413&219 f'C.LPFO a11376

413f1iN________________

rC WA417137 .......QFML.......

IJwllirre weS20mseclkwechbwialion The idMWii bans m surmned to perdja

VW wm ctuvmwqui (MIC) which was used forquerttar

Page 14 of88



GLIlO-0l-O; Interti porxt 38
Analysis of PFOA in Water Samples

Former Bert Jeffries PMrory - October 2012

8 Analytical Results

8.1 Calibration

Samples were analyzed using a stable isotope internal standard calibration curve. Calibration standards
were prepared by spiking knownr amounts of the stock solution containing PFOA (reference standard
containing both linear and branched isomers) into laboratory reagent water. A separate internal
standard spiking solution was prepared and an aliquot was added at the same level to all calibration
standards and laboratory control samples at a nominal concentration of 1 nglmL A calibration curve
ranging from approximiately 0.025 nglmL to 50 ng/mL (0.025 nglmL to 10 ngtmL for 3C4-PFOA
surrogate) was prepared, however, not all calibration standards were analyzed for each of the analytical
runs.

A quadratec, 1/x weighted, calibration curve of the standard peak area ratios was used to fit the data for
each analyte for each analysis. The data were not forced through zero during the ftng process.
Calculating the standard concentrations using the peak areat peak area ratios and the resultant
calibration curve confirmed accuracy of each curve point Each curve point was quantitated using the
overall calibration curve and reviewed for accuracy. Method calibration accuracy requirements of 100
25% (100 * 30% for the lowest curve point) were met for PFOA and 13C4PFOA surrogate for each
analysis. The correlation coefficient (r) was greater than 0.995 for each analysis.

8.2 System Suitability
A calibration standard was analyzed four times at the beginning of the analytical sequence to
demnonstr-ate overall system suitability. The acceptance criteria of less than or equal to 5% relative
standard deviation $LRSD) for peak area and retention time criteria of less than or equal to 2% RSD was
met for PFOA and C4-PFOA surrogate.

8.3 Limit of Quantitatlon (LOQ)
The LOQ for this analysis is the lowest non-zero calibration standard in the curve that meets linearity
and accuracy requirements and for which the area counts are at least twice those of the appropriate
blanks. The nominal LOQ for PFOA can be found in Table 6.

Table 6. Limit of Quantitation (LOQ).

Analy&i Da PFOkA

10/24112 0.0240
10/2912 0.0240

8.4 Continuing Calibration
During the course of each analytical sequence, continuing calibration verification samples (CCVs) were
analyzed to confirm that the instninent response and the initial calibration curve were still in control. All
CCVs met method criteiai of 100% * 25% for PFOA and 13C4-PFOA surrogate.

8.5 Blanks
Three types of blanks were prepared and analyzed with the samples: procedural blanks, trip blanks, and
equipment ninseate blanks. Procedural blank results were reviewed and used to evaluate method
perforance and to determine the LOQ for PFOA. Trip blanks reflect the shipping and sample collection
conditons the sample bottles and samples experience. Equipment rinseate blanks are aqueous
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samples that reflect the efficiency of equipmnent clearing in the field between difterent sample otlctions
to ensure no cross contamination of samples from tie equpment.

8.6 Lab Control Spikes (LCSs)
Low, mid, and high lab control spikes were prepared for the target analyes and anlzdintit
whie only low and high lab control spikes were prepared for the '3C1 PFOA sumrgae.Lgo
prepared by spiking known amounts of the analyle into 10 mL of synthetc groundwater to p~ethe
desired concentration. The spiced water samples were then analyzed in the same fmrine
samples. The method acceptance citeria, average of LOS at each level should be =wiw I Of t 20%
with an RSD 20%, were met for both PFOA and 13 C4-PFOA surrogate.

The following calculations were used Io generate data in Table 7 for laboratory control spies:

LCS Percent Recovery = Calculated Concentration. 0 0%
Spike Concentration

LCS% RSD = standard deviation LCS replicates 100
average LCS recovery

Table 7. Laboratory Control Spike Recovery.

Anlzd1004112 PFa (Lha+ 5ac '3C.-PFOA

LCS-121024-1 0.190 0.178 93.7 0.198 0.201 101
LCS-121024-2 0.190 0.176 92.9 0.198 0.199 101
LCS-121024-3 0.190 0.176 92.7 0.198 0.19910

Avera D ________ 93.1%1*0.57%0/9_ 11 .551~
LCS-12104.4 1.90 1.86 T 97.8 1.98 2-03 1 103
LCS-121024-5 1.90 1.77 93.1 1.98 1.96 99.2
LCS-1210246 1.90 1.73 j 91.1 1.98 1.97 99. 7

Averag_±____ 9 4.0% ±/ 3.7% -/ 101%tz.IV

LCS-121024-7 9.52 9.01 94.6
LCS-121024-8 9.52 8.50 89.3

ILCS-121024-9 9.52 8.62 j 90.6

j~yarge ±%RSD91.5% t & %
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8.7 Analytical Method Uncertainty
Analyticl uncertainty is based on historical OC data that is control charted and used to evaluate
method accuracy and precision. The method uncertainty is calculated following ETS-12-012.2. The
standard deviation is calculated for the set of accuracy results (in %) obtained for the O samples. The
expanded uncertainty is calculated by multiplying the standard deviation by a factor of 2, wh'ich
corresponds to a confidence level of 95%.

Table 8. Analytical Method Uncertainty.

Ana[*Methd StwlaM Uncertalnt
-PFOA ETS-8-044.1 7.88 :!06%j

8.8 Field Matrix Spikes (FMS)
A single field matrix spike was collected at several sampling locations to verify that the analytical method
is applicable to the collected matrix. The field matrix spike was generated by adding a measured
voIlme of field sample to a containeir spiked by the laboratory with PFOA (reference standard containing
both linear and branched isomers) prior to shipping sample containers for sample collection. In addition
to target analyte field matrix spikes, each sample was spiked with the stable isotope surrogate recovery
standard 13C-PFOA at a nominal concentration of 0.1 nglmL. Field matrix spike recoveries within
method acceptance criteria of 100*30% confirm that 'unknown" components in the sample matrix do not
significantly interfere with the extraction and analysis of the analytes of interest Target analyte field
matrix spike concentrations must be 50% of the sample concentration to be considered an appropriate
field spike. Field matrix spikes are presented in section 9 of this report

Table 9. Field Matrix Spike Levels.

sampinig Location PFOA, nghnL

Select Localots nd Tr~p Blak~ 1.92

(1) The addlion of ft tuga artye a iuudvetw*l nissecld chtg the pmpain dftetfip Ulr Ned nmf spke sms
boft.

FMS Recovery J(Sample Concentration of FMS -Average Concentration: Field Sample & Field Sample Dup.) 100%
Spiew Concentraton

9 Data Summaty and Discussion

Tables 10-27 below summarize the sample results and field matrix spike recoveries for the sampling
locations as well as the equipment rinseate and trip blank samples. Results and average values are
rounded to three significant figures according to EPA rounding rules. Because of rounding, values may
vary sigtl from those lised in the raw data. Field matrix spike recoveries meeting the method
acceptance criteria of * 30%, demonstrate that the method was appropriate for the given matrix and
their respective quantitative ranges.

Table 28 includes the results for the single replicate sample collected at four surface water locations
JPAL-SW-EFO2, JPAL-SW-ETO3, JPAL-SW-ETO5, JPAL-SW-WTOI, and trip blank JPAL-SW-TRIP,
along with the swrogate recovery stan dar (13 C4-PFQA) laboratory matrix spike prepared at 0.0998
ng/mL.
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JPAL GW MVW3R 121010; The target analyte field matrix sf*e level was niot appropriate as -~Ar
to the PFOA concentationis in the samples, however, the 1 C4-PFOA surgate recovery addvd oar
sample bodiles met method acceptanice criteria.
JPAL GW MW7R 121010; The target analyte feld matrix s*d level was niot appropriate as-,-'pre
to the PFOA conrcentrationis in the samples, hmver, the' C4-PFOA surrogate recovery ad*cW;all
sample bottles met methiod acceptanice criteria.

JPAL GW TIRIP FMS; The addton of the tage analyte was iriadvertn* missed durin the
preparation of the trip blan field matrix spke sample bottle. The 13C4-PFOA surogate recovp~added
to the sample bottle met method acceptance criteria.

Table 10. JPAL GW MWIR 121009

_ _ _ _ PFOA _

I Concentraion

GL10-01-01-38-001 JPAL-GjNWWR4M-21009 1.61 NA 09

GLPIO-01-01-38-M0 PAL-GW-&W1R4DB-121009 1.58 NA 10*
GLP1O-O1-01-384)03 PAL-GW-WIR-FMS-121 009 3.48 98.4i

Average ConceftmeAon (ng4uL) ± %RPDRSD 1.60 ig#)nL ± 1.9 % 11

NA = Not Appiceb

Table 11. JPAL GW MW3R 121010

IConcnitao
GLPIO-01-01-38-M0 JPAL-GW4ANW3R-0-121010 6.40 NA

GLPlO-01-O1-3S.005 JPAL-GW-M~3R438-1 21 010 6.72 NA 104

Average Concenraftion (mnghLJ * %RPOMRD &56 nftwL ± 4.9% 910~24

NA = NotppIca
WC= NW Canaimft swq*l cen=ceri~ans Weebtw1 2x the spile WM.

Table 12. JPAL GW MW4R 121010

_ _ _ _ PFOA

I Concenhauon

GLP1O-O1-01-384007 JPAL-GWAW4R-0-121010 2.06 NA10

GLPIO-01-1-38-008 PAL-GW-WM4R4D8-1 21010 1.88 NA I"
GLPIO-O1-01-38-009 PAL-GW-WtMR-FMS-1 21 010 3.79 95.0

Average Concentalion (nanL) ± %RPDMRD 1.97 ngftnL*±9.1% 11

NA =Not Applciie
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Table 13. JPAL GW MW4L 121010

___________ ______________PFOA 
13C4-PFOA

I Concentaon

GLP1O-01-O1-38-010 JPAL-GW-MW4L-0-121010 0.256 NA 105

GLP1O-01-01-38-01 PAL-GW-M4LADB-121010 0.261 NA 95.8
GLP10-01-01-38-012 OPAL-GW-?vN4L-FMS-121010 2.09 95.6 99.9

Averg Concentaton (lL) * %RPOdRSD 0.2H9 ngiL ±1.9% 100% ± 47%1

NA = Not Applcob

Table 14. JPAL GW MWSR1 121010

___________ ______________PFOA ' 3C..PFOA

I Concentratio

GLP1O.01-01-38.013 JPAL-GW-tv?5R-0-121 010 0.0953 NA 102

GLP1O-01-01-38-014 JPAL-GW-MV5R-DB-21010 0.0951 NA 97.9
GLPIO.01-01-38-015 WPAL-GW-Wt/5R-FMS-121010 1.94 1 96.3 1 5.6

Average Concentrution (ng~tnL) ± %RPDRSD t 0.0952 nbL±0.21% 9&9%1± 3.0%

NA =Not Appoc"tl

Table 15. JPAL GW MW5L 121010

__________ ______________PFOA_ __ 13C4-PFOA

I Concentration
MA0010-3.1 PA-IDW-W/5l-0-12 0100.44L NAcoer 99.4v

GP00138M 1 LIMSWAWL--211 0.4 NAcrpo 99A
LP10-01-01-38-017 JPAL-GWNW5L-DB-12l0lO 0.738 NA 101
LP1O-01-01-38-018 PAL-GW-M5L-FMS-121010 2.60 97.0 97.2

PAverage Concentration (ng'mL) %RPDdRSD OL 741 ng4nL ±0.81% 99.3%t 1 20%1

NA =Not Apocable
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Table 16. .JPAL GW MW6R 121010

_ _ _ _ _ _ _ _ POf_

I Concentradon
M LIES VD DescdpEWoa n*j %oow

GLPIO-O1-O1-38-019 JPAL-GWAW6R-O-121010 1.46 NA
GLP10-01-01-38-020 JPAL-GW-WM6R-MB1 21010 1.51 NA 7
GLP1O-01-01-38-021 PAL-GW4vN6R-FMS-1 21010 3.31 95.3

Average Concenbuiln (nogj I %RP(&RD 1.49 ng4wL ± 3.4% 79jJ5

NA = Not Appkceie

Table 17. JPAL GW MWOL 12010

____ ____ _PF A__

Conoentratlen

LP10-01-01-38 2 JPAL-M 4AW V6L-0-121010 0 .2 0 NA i

LP-01-01-38423 JPAL-GWAW6L-B-121 010 0201 NA 1IN

LPIO-01-01-38.024 JPAL-GV-NW6L-FMS-1 21 010 2.01 94.2

PAverage Concnwaion thp"UtJ %RPDVRSD 0.205 ngftL t 3.9% .10

NA =Not Appkc~e

Table 18. JPAL GW MW7R 121010

___________ ______________PFOA

I Concentrogmc

GLP10.01-01-38-02 JPAL-GW-MW7R-O-121010 9.60 NA ;T

GLP10-01-01-38402 JPAL-GV-WJTR4DB-1 21 010 9.08 NA 1
GLP1O.01-01-3&027 JPAL-GW-MWR-FMS-121010 11A NC .9

Average Concmnbuton (nmWheL) %RPDRSD 9.34 nftnL * 5&0% 10 7

NA =Not Applcie
NC-- Not CeluidM the suipi concendaa is Wedar t 2x the spic i.
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Table 19. JPAL GW MW8R 121010

___________ ______________PFGA_ __ 13C4-PFOA

I Conceftadon

3LPI0-01-01-38-02 JPAL-GW-?vtNR-0-121010 0.198 NA 102

3LP1O-01-O1-38-029 JPAL-GW4AW8R-DB-121010 0.20 NA 100
'LPiO-01-01-38-03 DPAL-GWAW8R-FMS-121010 2.02 94.9 100

- Aveage Concenbafion (ngfLj±t%RPD)RSD 0.202 ng/mL t3.5% 101% *1.1%

NA = Not Appicatie

Table 20. JPAL GW MW9R 121010

__________ ______________PFOA_ __ 13C4 PFOA

LPIO-01-01-38-038 JPAL-GW A#9R-0-121010 
0.180 NA 104

LP10-01-01-38-M3 JPAL-GAW4AN9R-DB-1 21 010 0.182 NA 100
LP1O-01-01-38-033 DPAL-GW-MW9R-FMS-121010 2.04 97.0 101

PPAventge Concenbafio (ng*QL t %RPDRSD 0.1 IN rnL t 1.1% 102% *20%

NA = Not ftokatie

Table 21. JPAL GW MW9L 121010

___________ ______________PFOA_ __ 13 Ce.PFOA

ICoiletaon
ALPMS0 ID-3 PA- W clvWVSL-0-121 01 0.0277y NA 100

GP00138M 3 LIESWAWL--211 0.27 NA 100

GLP1O-01-01-38-03 JPAL-GW-W19L-DB-121010 0.0302 NA 98.8
GLPIO-01-01-38-03 JPAL-GW4W9L-FMS-121010 1.90 97.7 102

Average Cormenbtdon (ng~nLi t %RPORSD 0.0290 ng~nL. t &6% 100%.t 1.7%

NA No NiApplcable
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Table 22. JPAL GW MWIOR 121010

3M LOS ID w)fn(-*j %oow f#m

3LPIO-0l-01-38-037 JPAL-GW-?vVIOR-0-121010 0.511 NA05
10PI-01-01-38-038 PA-G-W1R4DB-121010 0.509 NA

3LPIO-01-01-38-03 PAL-GW4AVNIOR-MS-1 21 010 2.36 96.6
Average Concenbvdon (ngftUL t %RPDIRSD (L510 ng'htL t 0.39% M &

NA = Not Apploie

Table 23. JPAL GW MWliL 121010

_ _ _ __ _ _ _PFOA 13C

GLP10-01-01-38-04 JPAL-GW-WJI11L-0-121010 0.26 NA o

GLP10-01-01-38-041 JPAL-GW-WI 11-0-121010 0.267 NA 1OI"
GLP1O-01-01-38-042 JPAL-GW-NW11L-FMS-121010 2.12 96.7

Average Conconfwdon (ngfttj ± %RPDRSD ft26 ng'nL t M.37% 99. 65

NA = NtAppcaie

Table 24. JPAL SW ET04 121008

_ __ _PFOA __ 3

GLPIO-01-01-38-047 JPAL-SAW-ET04-0-121008 0.0868 NA

GLP1O-01-01-38-048 JPAL-SW-ET04-DB-1 21 006 0.125 NA I
GLPIO-01-01-38049 JPAL-S-ED-FS121008 1.95 96.2 '1

Average Conoenbuonw (no~nL) t %RPORSD 0. 106 tnt 36%m1 99 78

NA = Not Appkmabe
(1) The RPD did not meet acceplulce, cia of 20%.
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Table 25. JPAL SW DCOI 121008

___________ ______________PFOkA_ __ 13CFODA

_IConcao
3M LIM M Descripton nm) Rw y %Ro y

LP 10-01-01-38-051 JPAL-SI-0C1-DB-121008 0.592 NA 99.0
L P1O-01-01-35-052 WPAL-SW-=C1.FMS-121008 2.46 97.1 101

Average Concention (ngfttLJ i %RPDORSD 0.601 ng~mL ± 28% 100% ±1.1%

NA = Not Appicate

Table 26. JPAL GW MW5L. RB 121010

PFOA CrP'3

3MIMS ID Descriptionw"
GLPIO-01-1-38-04 tJPAL-G4vW5.RB-1 21 010 <0.024012

Table 27. JPAL GW TRIP BLANK

___________ ______________PFOA '3Cr.PFA

3M UM ID Descrjpton g* %Rcm %ft y

LP1O0-01-38-M5 JPAL-GW-TRIPO1- <0.0240 NA 100
LPIO-01-01-384)54 JPAL-.GW-TRIPO-MS 1 <0.0240 NA (1 10

NA =NoApplie
(1) The adcllio offtl twga ~ vues - kvtqredentwM isd kI prpali cuet tri bbdc MWi marnxspice suoe batle.

Table 28. JPAL SW ETO2, ETO3, ETO5, WVTOI, and TRIP BLANK 121001

__________________________ PFOA 1
3C4-FOA

COncertraion
3MUM Descropton (n~L %Rcow

GLP1O-01-01-384055 JPAL-SW-ET2-0-1 21 001 <0.0240 101
LPIO-01-1-38.056 JPAL-SW-E103-0-121001 0.0752 98.7

L101=-8.6 PAL-SNET05-0-12100i 0.0649 982
10.01-01-3-5 JPAL-SJWTOI-0-121001 <0.0240 103

LP1O-01-01-38.05 PAL-SW-TRIUP-0-121001 <0.0240 99A

(1) In lau ofia UMi niix spike, a isorcelory meftx spike (addlion oisuogale recowery stMndaid UtPFOA) was prepared
aftr sarripb alaciom.

Page 23 of 88



S I

GLPIU.O-01; Rxu3
Anaysis of PFOA ioWtr ape

Formerat Jeffries Poe~ dbr21

10 Conclusion

Laboratory conto spices and field mati spikes were used to determiie the analytical methqd
accuracy and precisio for PFOA. Analyss was successfully completed folowlig 3M EnviraVWtl
Laboratory method ETS-W4.1 descrbed herein.

11 Data/Sample Retention

AN remainig samples and associated project data (hardcopy and electroic) wig be archiediaording
to 3M Enviomnta Laboratory standard operat procedures.

12 Attachments

Atachment A: Protocol Amendm~ent 38 (General Project Outline)

Attachmlent B: Repr esentative Chromatograrns and Calibrationi Curves

Atachment C: Analytical Method - ETS-8-044.1

Attachment D: Method Deviation
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11 Signatures

Cleston Lange, Ph.D., 3M PrincipaI Analytical Investigator Date

Jaisimha Kesan, Study Director Df
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ATTACHMENT A: PROTOCOL AMENDMENT
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Analytical Protocol: GLPICO-1-0
Amendment 38

Study Title

Analysis of Perfluorooctanoic Acid (PFOA) in Groundwater, Soil and Sediment for the
3M Decatur Phase 3 Site-Related Monitoring Program

PROTOCOL AMENDMENT NO. 38

Amendment Date:
November 1, 2012

Performing Laboratory
3M Environmental, Health, and Safety Operations

3M Environmental Laboratory
Building 260-5N-1 7

Maplewood, MN 55144-1000

Laboratory Project Identification
GLP1 0-0 1-01-38

Sampling Event

Former Bert Jeffries Property
Groundwater and Surface Water Sampling

Page 1 of 6
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Analytical Protocol: GLP1-01 401

Amendmneirt!

This amendment modifies the following portion of protocol:

"Analysis of Perfiuorooctanoic Acid (PFQA) in Groundwater, Soil and Sedimsrl for the
3M Decatur Phase 3 Site-Related Monitoring Program"

PROTOCOL READS:

No changes to the wording of the protocol are required.

AMEND To READ:

No changes to the wording of the protocol are required. This amendment only addresses ar~i; cuments
the addition of the General Project Outline (GPO) for the collection and analysis of water Samt~ at
Decatur, AL, and conducted as part of the 3M Decatur Phase 3 Program for PFOA (GLP1O-011 1).
Sampling activities at and near the former Bert Jeffries property occurred in October, 2012. p4ies
were collected from fourteen groundwater locations and six surface water collections. Same4ntainers
were provided for a seventh surface water location, but were not collected due to lack of wate, Water
samples collected under this sampling event were entered into the 3M Environmental Labort*~ LIMS as
project GLP10-01-01-38 and reported as interim report GLPIO-01-01-36 (reflecting study GLPJO-01-O1
and amendment -38).

Reason:

The reason for this amendment is to document the General Project Outline (GPO) which des 4res the
groundwater and surface water sample collection event conducted at and near the former B34eflIefries
property in Lawrence County, AL.

The GPO is three pages In length and included as attached to this amendment form.

Page 2 of 6
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Analytical Protocol:, GLP1-01-01
Amendment 38

Amendment Approval

Cleston C. Lange, Principal Analytical Investigator Dt

William ReagnHSOn nom ta Lab Management Dt

~~~~O~nsjmnmrf/I R11

Jaisimha Kesari P.E., DEE, Study Director Date
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Analytical Protocol: GLPIO-01-0I
Amendment 00

%1W Environmental Health & Safety Operations, Environmental Laboratory

General Project Outline

To: Gary Hohenstein, 3M EHS&Opns

From: Susan Wolf. 3M EHS&Opns-. Environmental Lab

cc: William Reagen, 3M EHS&Opns;, Environmental Lab

Jai Kesan, Weston Solutions

Charles Young, Weston Solutions

Date: November 1, 2012

Subject: Analysis of Perfluorooctanoic Acid (PFOA) in Groundwater, Soil and Sediment for 3M
Decatur Phase 3 Site-Related Monitoring Program; GLP Interim Report 38 - ForrIn*t Bert
Jeffries Property; Groundwater and Surface Water - October 2012

1General Project Information

3M Sponsor Representative
Gary Ilohenistein
3M EHS Opertons
3M Building 224-5W-03
Saint Paul, MN 55144-100O
Phone: (851) 737-3570
gah hensteln~mmm.comr

3M Environmental Laboratory Managemnent
Wiliam K. Reagean
3M EHS Opns, Environmental Laboratory
260-5N-1 7
651 733-9739

Contacts wkreaaent~mmm.com

Principal Analytical Investigator
Cleston Lange
3M EHS Opns, Environmental Laboratory
260-5W- 17
651 733-g860

Sampling Coordinator
Timothy Frinak
Weston Solutions
Timothy frinakctlwestonsd~tions.com
Phone: (334)-332-91 23

Lab Request Number OLPIO-01-01-38

Six Digit Department Number Dept 9530711, Project 00022674449

Project Schedule/Test Dates October 2012

All verbal and wfitten correspondence will be directed to Gary Hohenstein and Jai Kesad.

111age4 of 6
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Analytical Protocol: GLPIO-01-01
Amendment 38

2 Background Information and Project Objective(s)

The 3M EHS Operations Laboratory (3MV Environmental Lab) will receive and analyze groundwater and
surface water samples collected at and near the former Bert Jeffries property. Groundwater and surface
water samples will be collected by Weston. The 3M Environmental Laboratory will prepare the sample
bottles. Samples will be analyzed for Perfiuorooctanoic Acid (PFOA). Analyses will be conducted under
the GLP requirements of EPA TSCA Good Laboratory Practice Standards 40 CFR 792.

The final report will be submitted to Gary 1-ohenstein and Jai Kesarl upon completion under interim report
GLP1 0-01-01-38.

3 Project Schedule

Sample collection bottles were prepared by the 3M Environmental Laboratory. Sample bottles were shipped In
coolers overnight to 3M Decatur.

Martin Smith \ Weston Trailer
3M Decatur Plant
1400 State Docks Road
Decatur, Alabama 35601

4 Test Parameters

The targeted limit of quantitation will be 0.025 nglmL (ppb) for PIFOA.
Surface water samples from four sampling locations (ET02, ETO3, ET05, and WIOl1) and one trip blank
samples were collected by Weston Solutions personnel on 10/1112 after a significant rain event. Samples from
these four locations were collected in IL Nalgene bottles that field personnel had on hand. The 1L bottles were
left over containers provided by the 3M Environmental Laboratory for an earlier sampling event4o be used for
the collection of a composite sample, and did not contain internal standard or surrogate recovery standard.
The trip blank sample was a 1 L Nalgene bottle partially filled with Mill-Q water. The 1IL bottle of Milli-Q water
was provided by the 3M Environmental Laboratory for the earlier sampling event to be used for the collection of
rinseate blank samples.

The 3M Environmental Laboratory prepared sample containers for fourteen groundwater and three surface
water locations. For each sampling location, a total of three sample bottles were prepared (sample, sample
duplicate, and 2 ng/mL field matrix spike). The "fll to here line on eacti 250 mL Nalgene' bottle will be 200 mL.
One set of trip blanks consisting of reagent-grade water and a 2 nglmL trip blank spike was prepared at the 3M
Environmental Laboratory and sent to the sampling location with the other bottles. All sample bottles included
the addition of130C8-PFOA (internal standard) at a nominal concentration of I ngi'mL and 13C4-PFOA (surrogate
recovery standard) at a nominal concentration of 0. 1 nglmL.

To aid in sample collection, a non-spiked 1-L sample bottle was provided for each sampling location to be
used for collecting a composite sample. Aliquots will be decanted from the collection bottle to the
primary, duplicate and matrix spike bottles.

Table 1. Sampling Locations

Groundwater Locations: MW1R, MW3R1, MW41R, MW4L, MW5R, MW5L, MW6R, MAML, MW71R, MW8R,
MW9R, MW9L, MW10R, and MWI IL
Surface water Locations: ET01I, ET02. ETO3, ETO4, ETOS, DCOI, and WTOI1

Page 5 of 6
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Analytical Protocol. GLP1O-014qI
Amendmenlt $S

5 Test Methods

Samples will be prepared and analyzed by LC/MSIMS following ETS-8-044. 1 'Method of Analysis f~fthe
Determination of Perfluorinated Compounds In Water by High Performance Liquid Chromatograpqyflss
Spectrometry Direct Injection Analysis". Alternately, samples may be analyzed by ETS 8-154.3' '4rination
of Perfluorinated Acids, Alcohols, Am ides, and Sulfonates In Water By Solid Phase Extraction anctl4*
Performance Liquid Chromatography/Mess Spectrometry.
Where applicable, samples will be analyzed against an internel standard calibration curve. Each q~a. point will
contain isotopically-labeled PFOA at a nominal concentration of 1 nglmL. The calibration curve wiciib
generated by taking the ratio of the standard peak area counts over the internal standard peak arela unts to fit
the data for each analyte.

For the four surface water locations (ETO2, ET03, ETO5, and WT01) collected in the 1 [ bottles, an 20pot of the
well-mixed sample will be removed and fortfied with "3C-PFOA (internal standard) at a nominal -W aion
of 1 ng/mL and 3C4-PFOA (surrogate recovery standard) at a nominal concentration of 0. 1 nglmLpoor to
sample analysis.

Laboratory control samples prepared with the samples must have an average recovery withn 1004lk. and a
RSD:520%. The data quality objective for this study is quantitative results for the target analytes wql an
analytical accuracy of 100±30%. Field matrix spikes not yielding recoveries within 100*30%/ will b19*0ressed
in the report and the final accuracy statement may be adjusted accordingly.

6 Reporting Requirements

For each sampling location, the report will contain the results for the sample, sample duplicate, fildioratrix
spike, and surrogate recovery standard. The trip blank and trip blank spike will be reported for thl -npling
event. Laboratory control spikes of reagent water prepared at the time of sample extraction will a
reported and used to evaluate the overall method accuracy and precision. Method blanks of reagle water
prepared at the time of sample preparation will be used to determine the method detection limit.

'Page 6 of 6
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ATTACHMENT B: REPRESENTATIVE SAMPLE CHROMATOGRAMS AND
CALIBRATION CURVE(S)
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3M Enmnmenwr* Labratory
Method

Method of Analysis for the Determination of Pertluorlnated Compounds in Water
by LC/MS/MS; Direct Injection Analysis

Method Number: ETS-8-044. I
Adoption Date: 4112107

Effective Date: I/L/

Approved By:

%vct/ Q0
William K. Reagen, Technical Director. Environmental Laboratory Date
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I Scope and Application

This method describes the direct inection analysis of perfluorinated compounds (PFCs) *,
water matrices using high-performance liquid chromatography tandem mass spectrometrp
(HPLCIMS/MS). The method is generally applicable but niot limited to the measurement $1
perfluoroakyl stionamides, and perfluorinated alkyl acids (PFAs) such as perfluoros0-i *
acids (PFSAs) and perfluorocarboxylic acids (PFCAs) (Table 1). Water samnples cotai
heavy particulate may require preparation by an alternate mvethod such as ETS-8-154
"Determination of Perfluorinated Acids, Alcohols, Amnides, and Suffoniates In Water By SI*
Phase Extraction and High Performance Liquid Chromatography/Mass Spectrometry. "11111
method is applicable to both external standard and internal standard caliboration 1
Table 1. Representative Target Analytes.

Chemical Aerc
Acronym Analte RegisryNrn"

PKM (C4 Acid) Pefluorobutanoic acid 375-22-4
PFPOA (C5 Acid) Pwrdionpentenoic aci 2700-90-3
PFHxA (C6 Acdd) Peftiorohexanoic acid 307-24-4

PFHpA (C7 Acid) Peoroheptanoic acid 375-8"-
PFCA (C8 Acid) Peffluorooduioic acid 335-67-1
PFNA (CO Acid) Pedfluorononanoic acid 375-)5-1
PFDkA (CIO Acid) PedluoOudecanoic acid 335-76-2
PFunA (CII Acid) Perfllurmeanoic acid 2058-4M-8
PFDoA (C12 Acid) Peelluorododecanoic acid 307-55-1

PFTrDA (C13 Acid) Perlluorobidecanoic acid 726294-8

PFBS (C4 Sulonate) Perfluorobubanesifwc acid 375-73-5
PFHS (C6 Stifonat) Iefuorohexanasuiforic akd 355-484
PFOS (C8 Suffonaste) Pedluoroodanesulonic aci 1783-23-1
FBSA (C4 Sulonwunids Perfluorobt~esulforemide 30334-89-

FOSA (C8 &Nblnunide) Pefurotwikdmd 754-91-6

The Minmum Reporting Level (MRL) is the Uimi of Quantitation (1-O0) that meets Data
Quality Objcives (DOOs) that are developed based on the intenided use of this metho44
Method Flexibility - This is a perfionnance-based method and may be generally applied 04he
determination of peulluorinated compotunds in water matrices when analysis batch qua"t
control (OC) criteria are met2. Each set of samples are prepared in an aalWysis batch %4*
calibration standards, LCSs, blanks, and continuing caibration check standards analyzo On
the same instrurnent during a timre period that begins and ends with the analysis of the
appropriate continuig calibration check standards. The Laboratory is permitted to mod"~ Ow
LC column, mobile phase composition, LC conditions, and MS/MS conditions. Method
modfications. should be considered to improve method performance or to meet data o
objectves for the study. In all cases whiere method modifications are inmplemnented, the 0ch

The method is suipporte by validation with internal standaid! calibration for C4-C13 PFCAs, C4, C6. and (I PFSAs,
and CS perfluoroalkane sulfonamide in laboratory control samples under 3M method validation El 1-0667.

1 Guidance for establishing method QC Criteria based on a.) FDA May 200 1. "Guidance for Industry, B it-!-!
Method Validation", b.) EPA Method 537, and c.) European Commission: Guidance for Generating and Rtn
Methods of Analysis in Support of Pre-registration Data Requirements for Annex 11 (Part A, section 4) W4 IIIxf
(Part Asection 5) of Directive 91/414, SANCO/3029/99 rev. 4 (11/07/00).

ETS-8-044.1 Poo 2of 22
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analytical QCs (section 9) must be completed and pass QC acceptance cnftenia (section 13) if

the data from the analytical batch are to be reported.

2 Method Summary

Water samples are analyzed as neat aqueous sample or as solvent diluted aqueous samples
by direct injection usig LCIMSIMS. Samples containing heavy pariculate may not be
suitable for analysis by this method. Samples containing suspended particulate should be
centrifuged or fitered prior to removing a sample aliquot or diluting with solvent The water
sample is mixed well prior to removing an aliuot or diluting, if necessary, with ASTMV Type I
water, HPLC water, othe suitable water, or solvent (methanol).

Quantibation is by stable isotope internal standard calibration in laboratory reagent water. All
perifluorinated compounds (PFCs) target analyte concentrations of perfluorosulfonic acids
(PFSAs) and perfluorocarboxiuc acids (PFCAs) are reported as anions and corrected for
teir salt or free acid form. Alternaitiv-*y, quantitation may be performed by external
Stardard calbration.
This is a perrmnie-cbasd method. Method uncertainty for each target analyte is
determined for each analytical batch using multiple laboratory control spikes at multile
concentrations. This method also requires that the precision and accuracy for each sample
be determined using field matrix spikes to verify that the method is applicable to each sample
matrix.
Calibration standards flor PFUnA, PFDoA, PFTrDA, and FOSA have been found to be
unstable for more than 2 days in 100% water. Samples requhring analysis for these
compounds by this method shouW be diluted 1:1 with methanol and analyzed against a
calibrato curve prepared in 1: 1 synuthetic groundlwaterMeOH.

3 Definitions

3.1 Analysis Batch
A set of study samples that are prepared with calibration standards, laboratory control
samples, and procedural blanks, and analyed on the same instrument during a time period
that begins and ends with the analysis of the appropriate continuing calibration check
standards.

3.2 Analytical Sample
A portion of a laboratory sample prepared for analysis.

3.3 Calibration Standard
A solution prepared by spicing a knxyw, volume of t Working Standard (WS) into a
predeterine amount of ASTMV Type 1, HPLC gade water, or ofthe suitable water (i.e.
matrix water), and analyzed according to this method. Calibration standards are used to
calibrate the instrument response with respect to analyle concentration.

3.4 Laboratory Duplicate Sample (LDS, or Lab Dup)
A laboratory duplicate sample is a separate aliquot of a sample taken in the analytical
laboratory that is analyzed separately with identical procedures. Analysis of LDSs compared
to that of the first a"uo give a measure of the precision associated with laboratory
procedures, but not with sample collection, preservation, or storage procedures.

ETS-8-044.1 Page 3 of 22
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3.5 Field Blank (FB)JTrlp Blank (TB)
ASTM Type 1, HPLC grade water, orothersuitabe water, placed in a sample contatinr i$te
laboratory and treated as a sample i all respects, incdudng exposure to sampling site
conditions, storage, preservation and all analytical procedures. The pupose of the TB Is1
determine I test sutbstances or other interferences are present ithe field envirorment 1Ws
sample is also referred to as a Trip Blank.

3.6 Field Duplicate Sample (FDS, Field Dup)

A sample collected in dupicate at the same time from the same location as thie sample e
FDS is handled under identical circwstances and treated exactly the sane throughou,'W
and Laboratory procedures. Analysis of thes FDS compared to that: of the lirst sample
mieasure of the precision associated with sample collection, preservatio and storage, a*ell
as with Laboratory procedures.

3.7 Field Matrix Spike (FMS)

A sample to which known quantities of the targo analytes, ISs and SRSs are added to h
sample bottle in the laboratory before the bottles are sent to the field for collection of aous~
samples. A known, speclic volume of sample must be added to the sample container
wilthot insing. This may be accomplished by making a "U to this levelinme on the oti of
the sample container. The FMVS is analyed to ascertain I any matrix effects, helrr*
or stabilty issues may complicate the interpretation of the sample analysis.

3.8 Trip Blank Matrix Spike (TBMS)
An aliquot of ASTM Type 1, HPLC grade water, or other suilable water, to which known
quantities of the target analyes, ISs and SRSs are added in the Laboratory prior to the
shipment of the collction botles. The TBMS is analyed exactly Ike a study sample to
determine d the method is in control and whether a loss of analyte or anaytcal bias coWi
attributed to sample holding time, sample storage andlor shipment msues. A low and lij
TBMVS are appropriate when expected sample concentrations are not known or may v,

3.9 Internal Standard (IS)
A compound added to each study sample, caliration standard, laboratory control samp~o,
and procedural blanks at a consistent leve (typcally around 1 nghnL). The internal
standlard(s) are stable isotope labeled versions of the target analytes. The aracount of
the target analyte to the internal standard is used for calibration. Surrogate ISs are pI
when stable isotope ISs of target analytes are unavailable. A surrogate IS is not ee y
a stable isotope Labeled version of the target anal*t, but is treated as an internal 5Wnc foMR1A
quantitation.

3.10 Laboratory Control Sample (LCS)
An aliquot of control matrix to which known quantities of the target analytes, ISs and Sj1~
(when applicable) are added in the laboratory at the tim when samples are aliquotbed
least three levels (two levels for SRSs) in triplicate are indcled, one generally at the lowid
of the calibration curve and one near the mid range and the upper end of te cave. Tto
LCSs are analyzed exactly Ike a laboratory sample to determine whether the stablity flt*
standards. LCSs should be prepared each day samples are aliquoted.

3.11 Laboratory Matrix Spike (IMS)
A laboratory matrix spike is an aliquot of a sample to which known quantities of target
analytes, ISs and SRSs (when applicable) are added in thie laboratory. The LMVS is adr"4m
exactly like a laboratory sample to determine whether the sample matrix contributesbi
the analytical results. The endogenous concentlrations of the analyes in the sample
must be determined in a separate aliquot and the measured values in the LMS orrecOs eo
these conicentrations. L.MSs are optional for analysis of aqueous samples.

ETS-W4.1 0ahhi 4 of 22
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3.12 Laboratory Sample
A portion or aliquot of a sample received from the field for testing.

3.13 Limit of Quantitation (LOQ)
The lower limit of quantitation (1-1-0) for an anaytcal batch is the loest concentaton that
can be reliably quantitated with the specified limits of precision and accuracy. The LLOQ is
generally selected as the lowest non-zero standard in the calibration curve that meets method
acceptance criteria. The LLOQ for each target analyte is established for each analysis batch
as the lawest calibration standard with aracounts at least twice that of the average area
counts of the procedural blanks.
The upper limit of quantitation (ULOQ) for an anialytical batch is the highest concentation that
can be reliably quantitated within the specified limits of precision and accuracy. The highest
standlard in the calibration curve that meets method acceptance criteria is defined as the
ULOQ.

3.14 Method/Procedural Blank
An aliquot of contro matrix that is treated exactly Ike a laboratory sample including exposure
to all glassware, equipment, solvents, and reagents that are used with other laboratory
samples. The method blank is used to determine I test substances or other interferences are
present in the laboratory environment, the reagents, or the apparatus.

3.15 Sample
A sample is an aliuot removed from a larger quantity of material itended to represent the
origial source material.

3.16 Stock Standard Solution (SSS)
A concentrated solution of a single-analyte prepared in the laboratory with an assayed
reference compound.

3.17 Surrogate Internal Standard

An IS that is not necessarily a stable isotopically labeled target analyte, but is treated as an
internal standard for quantitation. Surrogate ISs are used when isotopically labeled
counterparts of the target analyte are not commercially or readily available.

3.18 Surrogate Recovery Standard (SRS)
An isotopically labeled standard, niot used as an internal standard, that is added to each
sample and appropriate QC sample as a means to evaluate the method performance for a
chemical class of compounds (e.g., PFSAs, PFCAs).

3.19 Working Standard (WS)
A solution of several analytes prepared i the laboratory from SSSs and diluted as needed to
prepare calibration standards and other required analyte solutions.

4 Warnings and Cautions

4.1 Health and Safety
The acut and chronic: toxicity of the standards for this method have not been precisely
determiied; however, each should be tread as a potential health hazard. The analyst
should wear gloves, a lab coat, and safety glasses to prevent exposure to chemicals that
might be present.

ETS-8-044. 1 Page 5 of 22
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The IaoratoY is responsible for maintaining a safe work environment and a current
awareness of local regulations regarding the handling of te chemicals used in thismei.
A reference fie of material safety data sheets (MSDS) should be available to all esnd
involved in these analyses.

4.2 Cautions
The analyst must be familiar with the laboratory equipment and potential hazards incko~b
but not limited to, the use of solvents, pressurized gas and solvent lines, high voltage, =
vacuum systemrs. Refer to the appropriate eqluipment procedure or operator manual ft~
addlional in foi iation and cautions.

5 Interferences

During sample prepartion and analysis, major potenitial contaniant sources are reago
and glassware. All materials used i the analyses shall be demonstrated to be freefon
interferences under conditionis of analysis by running method blaniks.

Parts and supplies that contain Teflon@tt should be avoided or miniized due to th pM 4~tof interference andlor contamination. These may include, but are not limted to: wash
Teflone lined caps, auboia caps, HPLC parts. etc.

The use of disposable micropipettes or pipettes to aiquot standard solutions is recomn~illed
to make calibration stanrds and matrix spikes.

6 Instrumentation, Supplies, and Materials

6.1 Instrumentation
Analytical balance capable of reading to 0.0001 g

HPLC/MS/MS or HPLCJMS system, as described in Section 10.

6.2 Supplies and Materials
Sample collection boftles-HDPE (e.g., Nalgenem wkie-mouth bottles with screw cap.
Note: Do niot use fluorinated or Teflon@) bottles or lied caps.
Coolers or boxes for sample shipment
I 5-mL and 50-mL disposable polypiropylene centrifuge tubes.
Class A pipettes and volumetric flasks, various.

2 mL HPLC autovials

Disposable pipetties, polypropylene or glass as appropriate
Centrifuge Capable of spinning 15-mL and 50-mL Polypropylene tubes at 3000 rpm.

7 Reagents and Standards

Note: Suippliers and catalog numbers are for ilustaive purposes only. Equtivalent
perfornance may be achieved tung chemicals obtained from other suppliers. Do not 00 a
lesse grade of chemical than those listed.

7.1 Chemicals
Water - Milli-Q, HPLC gade, or other suitably appropriate sources

Calcium Acetate - A.C.S. Reagent Grade
ETS-8-044. 1 Poog 6 of 22
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Magnesium Acetate - A.C.S. Reagent Grade
Methanol - HPLC grade
Ammonium Acetate - A.C.S. Reagent Grade

7.2 Representative Target Analytes, ISs, and SRSs

PFBA, Heptaftuorobutyric Acid, (C4 Perflorinated Acid)
PFPeA, Nonafluoropentanoic Acid (Cs Perfluorinated Acid)
PFHxA, PerfUorohexanoic Acid (CAPerfluotinated Acid)
PFI-pA, Tridecafluaroheptanoic Acid, (C7 Perlluodnated Acid)
PFOA, Armmonium peflorooctanoate, (C8 Perfluouiated Acid)
PFNA, Heptadecafluorononanolc Acid, (C, Peifluaninated Acid)
PFDA, Nonadecafluorodecanoic Acid (Cio Perfluoninated Acid)
PFUnA, Perfiuoroundecanoic Acid, (C1 1 Pertluonnated Acid)
PFDoA, Peifluorodlodecanoic Acid, (C12 Perfiucinated Acid)
PFTrDA, Perfluotldcanoic Acid, (C13 PerflUornnated Acid)
FBSA, Perfluarobutanesulfionamide
FOSLA, Perbxxoooctanesulfony4amide
PFBS, Potassium Peulluoobutanesufote
PFHS, Perfiuoohexanesultionate
PFOS, Potassium perfluorooctanesulffonate
PFOA [1,2,3,4-3q,] 13C-istopically labeled perfluorooctanoic acid (SRS)
PFOS [1,2,3, 4-,3q, 13Cw*i)pically labeled Perfiurooctanesulate (SRS)

PFUriA [1 ,2-'3C], 't3 stopically labeled Perfluoroundecanoic acid (SRS)
A custom mix of ISs in a methanollic solution containing ,2

133[1 1 ,3,4-13CAPFBAj 1,
3C,]PFHxA, [1 2Z3,495,61718- 13 9PFOA, [1,2,3,4,5,6,7 8F9- 3CJFA 1,2 - ,PFDA,
[1,2,3,4,5,6,7 J C]PFUnA, [1,2 - 3C2]PFDoA, [1,2,3 J1 C3 PFHS, [1 ,2,3,4,5,6,7,8-'3CsPFOS,
and [1 ,Z3,4,5,6,7,8-'3CIPFOSA (Wellington Laboratories, Guelph, ON) in combination with
added ([1 ,2,3,4,5-13C5JPFPeA, ([1,2,3,4- C4JPFHpA, an [18O2JPFBS can be used to prepe
a stock IS solution. Alternatively, individual stable isotope ISs, can be used to prepare a stock
IS mbdure.

Othe ISs can be applied.

7.3 Reagent Preparation

2 mM Ammonium acetate solution (Analysis)-Weigh 0.3 g of Ammoniuml acetate and
dissolv in 2.0 L of reagent water.
Synthetic Groundwater (contaning 25 ppm Ca and Mg) - Weigh 0.61 g of Calcium Acetate
and 0.92 g of Magnesium Acetate and disslv in 6.0 L of reagent water.
Note: Alternative volumes may be prepared as long as the ratios of the solvent to solute ratios
are maintained.

ETS-8-044.1 Page 7 of 22
Method of Analysis for the Determination of Perfluorinated Compounds in Water by LCIMSIMS;

Direct Injection Analysis
Page 71 of 88



I lit

GIPIO-Ol-Ol; Reat3
Anoysis of PFOA iOtrSape

Fomne Ber JelhnPrpr- )tb 21

7.4 Stock Standard Solution (555) and Working Standard $*tlon
Preparation
The following standard preparation procedure serves as an example. Weighed amount4l
final volues may be changed to suit the needs of a particular study. For example, liL
volumes may be spiked into volumetric flasks when diluting stock solutions to appropri*
levels.
100 pglmL target analyte 555.-Weigh out 10 mg of analytical standard (corrected 1bW
perent sat, acid IETS4O31) and puriy) and dlute to 100 mL with methanol or other
suitable solvent, in a 100 mL volumetric flask. Transfer to a 125 mL WDPE bottle or o#hW
suitable container. Prepare a separate solution for each analyte. Expiration dates and
strage conditions of stock solutionis should be assigned in accordance with laboratory
standard operating procedure. An example of purity and salt correction is given below ftir
PFOS.

salt correction factor = molecular weight of anion
moclecular weight of salt

PFOS (K )salt correction factor = -3 = 0.9275

10 mg CaF 17rSQ3K+ with purity 90% = 8.35 mg CeF17S0 (10 mgO0.90*0.9275=8.35 mg)i

10 pglmL (10,000 ngfmL) mixed working staard-Add 5.0 mL each of the 100 pg~hL
SSSs to a 50 mL volumetric flask and bring up~ to volume with solvent

I jjglmL (1,000 nglmL) mixed working standard-Add 0.5 mL of the 100 pglmL SSqsijO a
50 mL volumetric flask and brin tip to, volume with solvent.
0.1 pglmL ('100 nglmL) mixed st.a.J.dr-d 0.05 mL of the 100 p~gfmL SSSs to a 50 No-
volumetric flask and bring ti to volume with solvent
Storage Condtion-Store all SSSs and working standards in accordance with labor~tb
standard operating procedure or in a refrigerator at 4*2C for a maximunm period of 6 r*O*mh
from the date of preparation.

7.5 Calibration Standards
Calibration can be performed by IS or external calibration. Using the working standards
descibed above, prepare calibration solutions in ASTM Type I water, HPLC water, other
suitable water, or a mbcture of solvent and water using the information in Table 2 as a
guideine. Note: Volumes of water or water/solvent mixtures and working standards m*e
adjusted to meet the data quality objectives addressed in the general project outlie.
Calibration levels other than thos listed below can be prepared as needed.
For the quanitation of PFOA and PFOS, reference materials of certified mixed linear arod
branched isomr e preferred. Alternately, reference materials of primiarily linear isorn*0o
PFOA and/or PFOS may be used, however, when quantlitatinig with predominantly kw* e
reFernc standards, additional LCS samples containing both linear and branched isorr"g of
PFOA and PFOS are required3.

7.A1 Irternal Standard (IS) and Sugate Recovery Standard (SRS)
For IS caibration, stable isotope internal standards of each target analyte or appropiat*
surrogate 155 should be spiked at the same level in all calibration standards. Once the
calibrion standards have been prepared as stated above in Section 7.5, all calibration~
standards are spiked with a separate internal standard spiking solution. Typically the

-'A rWa mnig =n mssumi ofthe ume ofrefmance slandards cmlaimg carfifed linea md biandedm imnmmot
PFOAi'PFOS cmn be Emd in 3M vqxt Ell-05M0.
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concentration of the internal standard is consistent with the internal standard concentration
expected in the samiples being prepared, usually 1 ng/mL The concentration of the internal
standard spikig solution is typically 2 iig/mL. A separate zero point or method blank is
typically prepared at the same lime as the calibation standards, using the same solution
used to prepare the standards (ASTM Type I water, HPLC water, othe suitable water, or a
solvent/water mixture), and is spiked with the internal standard at the same concentration as
thoe calibration curve, typically at I riglmL.

If the samples being anaizyed were pre-spiked with SRSs, the calibration curve prepared in
Section 7.5 is spiced with a separate SRS spiking solution. Typically, t sample botties are
spiked with a SRS at 0.1 nglmL. The final calibration curve must consist of at Weaist six
calibration points after analysis. The following table provides an example of spike

concentrions and volumes used to achieve a muli-point extracted calibration curve with
internal standard and surrogate standard.
Table I ists recommended stable isotope iternal standards for several PFSA and PFCA
target compounds. A custom mix of isotopica labele tar"e analytes in a methanollic
solution cointaininf([1 ,2,3,4-13CjPFBA, [1,2 -1 C2]PFHxA, [1,2,3,4,5,67 8-'3CjIPFOA,
1,2,3,4,5,6,,,9 N 9 PFNA, [1,23,4,5,6 -'3C6IPFDA, [1,2,3,4,5,6,7 -'6c1 PFUrIA 31,2 -
3CPFDoA, [1,2,3-'1 C3]PFHS, [1,2,3,4,5,6,7,8-13C*]PFOS, and [1,2,3,4,5,6,7 8- CaJFOSA

(Welington Laboratories, Guelph, ON) in combination with added ([1 Z,3,4,5 1C~jPFPeA,
([1 ,2,3,4-'3C4]PFHpA, and [18O6jPFBS can be used to prepare a stock IS solution.
Alternativ sources of certiie stable isotope labeled target analytes are applicable.
Alternatively, indivdual stable isotope ISs can be used to prepare a stock IS mixture. The
table below lists the recommended stable isotope ISs and SRSs applied in t method.
Othe stable isotop ISs and SRSs of target analytes not listed in the table may be used I
sup~ported by validatioin and/or analysis batch QCs meeting method acceptance criteria (e.g.,
['3CJpFOA). The sam internal standard should be used for a given analyte throughout thie
entire project/study. Note: some of the compounds listed below are appropriate to use as
surrogate ISs when a stable isotp IS of a target analyte is not available. Generally,
surrogate isotopically labeled PFCAs are used for PFCAs, and surrogate isotopically labeled
PFSAs are used for PFSAs.
Table 2 provides examples of spice concentrations and volumes used to achiev a multi-oin
calibratio curv with ISs and SRSs.
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Table 1. Stable Isotope PFCAs and PFSAs used for ISs and SRSs

Cenmwd Nawe Synoxyma -rA--"-j MAx&"caPu4- pwxe4&

1C-efaibtoiacd[1.2.3.4-C4VPFA IS famr PFBA wi*agta

.4ptfixspetnocacd[1.2.3,4.5YCsJPFPLA S fimr PFPeA Wdfixo n*WkwQ

13 ~&m~ocad[1.2 13 C&]FHxA IS for PFx Wdlu.w *
(Mxor bt g

1Crehmetniacd[1.2,3.4-uC4PFHpA IS for PFHpA Wdlng4 4
______mix__ or k~la

13C IA S for PFOA and [1,2Z3,4 Wdlujgto1i
1vanewtiacd[1.2.3.4.5.6.7.u- ]PFOA 3 ~C4PFOA a

UC..plfi~mmmanI Icd[.....j.- 3 ,PFNA LS for PFNfA (Mix or~

1AeArlofdcni cd[1.23.4.5,6 -LC.JPFDA IS for PFDA Wengta9i

13 C7Ndh~wvo~lcauckacid[1.2.3.4.5.6.7 -UC7PJ~4 IS irPEA bnt

' 1C-Aznmcaimu Pezfarokxan aufma [1.2 -3C&]FHS IS for PFHS.*PT Wdhngta 4.

IS~~~~~(i foorS n clut

1' Ansnu Pedxobuleane Miuaft [1.23..5..7-' 3 .]FO LS[1.. firPB

3CWeilingab . (ux
4_oinpfnMteM~k [1.2.,4,6.7.gsJFOSA IS ExorFOSA and ~a~
' 3 C4 -Plluowctanm sad 1.2.34- 11CJPFOAS 3. faDf F~C4-CS (Migtor

13-p&O5Otnkacid [1.2.34 -"C]PFA SRS far all PFCAs: C9-C13 Wdhngu~

13'Prfactn sulfomfte [.Z3.4-' 1 C4PFOS SRS fiw all PFSAs: C4. litoC6. md CB
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8 Sample Collection and Bottle Preparation

Sample collection bottles are prepared by 3M Environmental Laboratory (or subcontract s~)personnel for
shipment at ambient temperature to the collection site. Typically, four separate collection bt; are
associated with a sirigle collection site: sample, field dlupicate sample, low field matrix spil1 high field
matrix spike. Alternatively, the sample arnd fieldl duplicate sample may contain SRSs in lieul* ditionaI target
analyte low field matrix spike and targe analyte high field matrix spike samples. Dee, the scope of
the project additional replicates of the field sample and field matrix spikes may be added. it is niot
uncommon for additional mid-level field matrix spikes to be collected if the expected samplo ~cntain are
truly unknown or could span a larg concentration range.
High-dlensity polyethylene (HDPE) wide-mouth Nalgene botdes are used for the sample cce*ncontainers.
(Volumes of the bottles may vary depending on how much sample is required to meet data~ objecties.)
Samnple collection volumes are project specific and base n data quality objectives. The N~n bottles do
not require any pretreatment prior to use. Typically placement of a sample bottle volurmetrk to here lne is
done by using a sample bottle marker template. Alternatively, bottles may be weighed prin~ottl
preparation and weighed again after samples have been collected.
AN bottles should be clearly labeled to indicate its intended use as a sample, field sample d~~tlow field
matrix spike, high field matrix spike, sample/SRS field matrix spike, field dulicate = rnp~~field matrix
spike, trip blaink, or trip blank matrix spike. If each location has different designated spike ". the label
should also dleaiiy indicate the sample location designation. Generally, a set of bottles for 0 ~e collection
site are prepared theni grouped together in plastic bags for organizational purposes. For =~~apie
collection event at least one set of trip blank and trip blank matrix spikes are prepared.
Bottle preparation shold be documented in a Note to File or on a sample preparation wvktand should
include the following information: date prepared, total number of bottles prepared, number 00aml sites, the
standard identification numbers and spike volumes usied toD prepare spiked bottles, the IfUt Ir' volue, and
any other pertinent information needed for reconstructibility of the dlata. The Note to Fie wU included in the
fial data package for the project
Samples are collected in the field and shipped to the laboratory at ambient temperature.

8.1 Field Matrix Spike Sample (FMS)
Field matrix spike samples are a reqluirement of the method. A FMVS sample is deid as1 O sample to
which known quantities of appropriate target analytes are added to the sample ble in the or in the
Laboratory before the bottles are sent to the field. The sample and field dup~licate samnple f Pnar
appropriate SRSs in Neu of target analyte FMVS samples. Sample quantiies are determinell or
gravirnietrically. A known, specific volume or weight of sample is added to the sample C-fl
rinsing. Volumetric sample measurements may be acqired by a laboratory applied -fin to be on the
outside of the sample container. Target analyt FMVS samples should be spiked at apo0.5-10 timnes
the expected analyte concentration in the sample. If the expected range of analyte is unknowni,
multiple spikes at varying levels may be prepared to increase the likelhood that a spike at ate level
is made. Typicaly a low and a high target analyte spike are prepared for each sampln In those
instances where SRSs are to be used in lieu of target analyte FMS samples, te sample dLplicate
sample mre spiked at approximately 2-5 times the target LOQ. The FMS is analyzad t matrix
effects or sample holding time contributes bias to the analytical results. For the sample desigriated for
matrix spikes, an appropriate volume of matrix spiking solution is added to the empty botd4 to sampling.
The volume of spike solution added should produce the dlesh-ed final concentration of tar"~ ons rce the
bottle is tiled with sample to the -9I to here line. The matrix spiking solution(s) should be in a
suitable solvent and contain al of the appropriate target analytes, ISs, and SIRSs. The matrix
spiking solion is often the same as the working standcards used to create the calibration .An

example of a botte spike is given below.
"Fill to here volume = 200 mL (A 250 mL Nalgene bottle is used)
Desired Field Spike Concenitration = 025 ng~mL
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500 pl- of a 0. 1 pig/rL spiking solution (containing the target analytes) is added to the bottle and the bottle cap
promptly sealed.

8.2 Internal Standard and Surrogate Recovery Standard
If analysis of a surrogate recovery standard (SRS) is included in the projec objectives, an appropriate volume
of a surrogate standard solution is added to all the bottles prior to sampling and SPE. Typically sample bottles
are spiked with surrogate recovery standards at a final desired spike concentration of 0.1 ngftnL.
If quantitation by intenail standard (IS) is in cluded in the project objective, an appropriate vohimne of internal
standard solution is added to all te bottles prior to sampling and SPE. Typically sample bottles are spiked
with internal standard at a final desired spice concentation of 1 nglmL.
For the tip blank, the SRS spike and IS spike is added to the bottle and then ASTM Type I water (HPLC gade
reagent water or other suitable water may used) is added to the ill to here line. The bottle is capped and
sealing tape may be placed around the outer edge of the cap. Trip blank matlrix spikes are prepared by adding
the appropriate volume of target analyte spiking solution, IS, and SIRS spiking solutions and filing the bottle to
the desired volume with the appropriate water and capping and sealing the cap.

9 Quality Control and Data Quality Objectives

9.1 Data Quality Objectives
This method and required quality control samples is designed to generate data accurate to *30% with a
targeted LOG of 0.025 ng/mL Any deviations from the quality control measures spelled out below will be
documented in the raw data and footoed in the final report.

9.2 Method/Procedural Blanks
The method/procedural blank is zero point caibration standard (which includes ISs) analyzed in a regular basis
with each analysis batch. At a minimumi, method blanks are analyzed prior to instrument calibration, prior to
the analysis of CCV samples, after every 10 sample injections, and at the end of the analytical run.
The mean area count or area ratios when using internal standard calibration, for each analyte in the method
blanks must be less tha 50% of fth area count counts or area ratios when using internal standard calibration,
of the LO00 standard. The standard deviation of the area counts, or araratios when using internal standard
calbration, of these method blanks should be calculated. A specific %RSD acceptance criteria is not specified
but is assessed on an analytical batch basis. If the mean area counts or area ratios when using internal
standard calibration, of the method blanks exceed 50% of the LOG standard, theni the LO00 must be raised to
the first standard level in the curve that meets criteria. Method blanks may be eliminated if technical
justification can be provded (e.g. the procedural blank was analyzed after an unexpectedly high leve sample).
If any procedural blanks are removed from the LOO determination, document in the raw data and report as
appropriate. Laboratory Sample Replicates / Field Duplicate Sample
Typicallly, samples are collected in duplicates in the field. The relaitive percent difference (RPD) of duplicate
samples should be s20% for the precision of sample preparation and analysis to be considered in control.
Replicate samples niot meeting the i;20% RPD criteria are flagged and reported as outside of QC acceptance
criteria.

9.3 Laboratory Matrix Spikes (LMSs)
ILMSs may be performed in lleu of FMSs if FMSs have previously been performed for the sample matrix.
Additionally, ILMSs may be performed in lieu of FMSs for a sample matrix if the FMS levels were niot
appropriate for determining spike recoveries relative to endogenous levels of target analytes and appropriate
SRSs. Generally, each samnple location represents a different sample and sample matrix. LMSs are prepared
for each sample and analyzed to determine the mat effect on spike recovery efficienc:y of each target analyte
and appropriate SRSs. L-MSs should be prepared at a minimum of one leve and in duplicate. LMS
concentrations should be prepared at approximately 0.5-10 tines the endogenous concentration or
approximately 4-10 times the LOG concentration of each target anallyte.
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Lab matrix spike recoveries should fail withi ± 30% of expected values. Sample data with L4 recovery
outside of ±30% but within ±50% of the expected value are flagged and reported as outside 0lCacceptance
criteria. Daba with LMS recovery outside of ±50% of the expected value are reported as NR~jt 7er NR is
defined as "Not Reportable data outside of QC acceptance criteria.

9.4 Lab Control Sample
Lab control spikes are prepared for each analysis batch to determine method accuracy and iso.LCSs
should be prepared at three leviels in trilcate for each target aialyt and at a minurn of tvels in
trilcate for appropriate SRSs. Low lab control spices should be prepared at a cocnr t i te range of
approximately four to ten times hi~ie tha the targeted lower LOQ, the mid lab control spicoud be
prepared at a concentration near the mi~dt of the calibration curve and the high lab cont* ies at
approximately 80% of the iuper LOO. For each target analyte and SRSs, the percentreai*ndd
deviation (method precision) for each control spice level must be less than or equal to:20%f~ average
recovery (method accuracy) for each control spike level must be 80-120%. Sample data analytes
outside of the laboratory contro spice acceptance criteria wil be handled as follow
If the average recovery of a spicing evel falls outside method acceptance, but at least 67% (el~i of 9) of LCS
samples are within 20% of thei respective nominal value (33% of the QC samples, not aM 4l te at the
same concentration, may be outside 20% of nominal value), the average recovery will be Igdas outside
method acceptancrteria AN LCS samples will be control charted as per ErS-4-026. IfUerg
recovery of one of the spiking levels exceeded the analytical method uncertairnty as determi1k by ETS-12-
012, that analytical batch uncertainty will be expande for that pariuar study.

If more than 67% of the LCS samples fail to meet method acceptanice criteria the data will nct Oe reported.
Calibration standards consisting of mixed branched and buma isomer PFOS/PFOA ar pel#dHver,
for PFOS/PFOA target analytes, i the calibration standards are comprised of redominnl a isomers
only, at least one level of triplicate LCSs should be prepared using PFOS/PFOA whc ot a mix of linear
and branchied isomers. These LCSs will be used to demonstrate quafttaive equiaec (C aniat bias)
of the isomeric mix when using a predominantly linear standard for caibration. The mixed and branched
isomer PFOS/PFOA LCSs recoveries should fall withi ± 30% of expected values. Alen~ inieu of
mixed branched and Inear isomer PFOSIPFOA LCSs, mixed branched and linear isomer OA
TBMSs may be applied to demnstrate method accuracy and preciision.

9.5 Field Matrix Spikes (FMSs) / Surrogate Recovery Standards (SRSs)
FMSs are prepared for each sampling location and analyzed to determine the matrix e~ec sample holding
time on the spice recovery of each target analy* and~or appropriate SRS. Generally, each kipe oation
represents a dfferen sample and sample matrix.
FMSs are OC samples to wvhich knowAn quantities of appropriate target analytes are added **sample bottle
in the laboratory before the bottles are sent to the field. Typically a low and a high target asFMS are
prepared for each sampling location. The sample and field dulicate sample may contain a*,rteSRSs in
Neu of target analyt low field matrix spice and target analyte high field matrix spice saplW
Field matrix spice method acceptance criteri are recoveries within ±30% of the expected v~p.If FMS
recovery (target analy* or SRS spice) is outside of ±30% of the expected value or could nct assessed
because the FMS (targe analyte) was spiced at an inappropriate level, the sample resut isarlote as follows:

1.) If target analyte FMS recovery could niot be assessed because the FMS's were at an inoraelevel,
then L-aboatory Matrix Spices (LMS) may be substituted. If LMS recoveries wre withn ±3i datarwe
reportabl and flagged to indicate that the FMVS spikes evels were inappropriate.
2.) If multiple target analyte FMSs were prepared on a sample and the closest FMVS level tO reporte
sample meets the ±30% acceptance criteri but additional FMS's are outside the ±30% srange, the
data wre reportable and flagged to indicate that while therie were failing FMS's, the intb
expanded since the most appropriate spice level passed.
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3.) If the target analyte FMS recoveries are outside of the *30% acceptance range but at least 30 acceptable
historical reportable FMS sample results are available, the data may be reported but flagged with an expanded
uncertainty and as not meeting EMVS criteria.
4.) Sample data with FMS recovery outside of ±30% but within *50% of the expected value are flagged and
reported as outside of QC acceptance criteria with an expanded uncertainty.
5.) If FMS recovery is outside of ±50%, the sample result is reported as NR, where NR is defined as "Not
Reportable" due to noncompliant QC results.
The targeted fortification levels should be at least 50% of the endogenous level and less than 10 times the
endogenous level to be used without justification to determine the statement of accuracy for analytical results.
Note: It is possible for botdies utilized for Field Matrix Spike samples to be underfilled or over-fied during
sample colection. Since this scenario will effect the actual concentration of the FMS sample (surrogate and
internal standard concentrations will also be effected, if used), it is important that any obvious under-filing or
over-filing of sample bottles be documented in the data package and taken into account in the FMS, ISs, or
SRSs recovery calculations. Samples over-filed or under-filed by more than 10% will be require rclcullation
of the FMS, ISs, and SRS true values.
The average of the sample and the field duplicate should be used to calculate the recovery.

10 Procedures

10.1 Water Sample Preparation

This method is applicable to water samples. Samples containing heavy particulate may not be suitable for
analysis by this method. Samples containing suspended particulate should be centriftge prior to removing a
sample aliquot or fitered.

*Thoroughly mix sample before removing an aliquot and placing in a labeled autovial.
*Dilute sample, if' necessary, wit ASTM Type I water, HPLC water, other suitable water, or solvent

(methanol).

*Lab control spikes are prepared for each analysis batch to determine method accuracy aind precision.
LCSs should be prepared at three evels in tripicate for each target analyte and at a mininrum of tov
levels in triplicate for appropriate SIRSs. Low lab control spikes should be prepared at a concentration
in the range of approximrately four to ten times higher tha te targeted kowr LOQ, the mid lab control
spikes should be prepared at a concentration near the mid-point of the calibration curve and the high
lab control spikes at approximately 80% of the upper LOQ For IS quantitation, stable isotope interna
standards of each trget analyte or appropriatle surrogate ISs should be spiked at the same level as the
samples being analyzed, in al LCSs.

* f LCSs are being prepared using synthetic groundwater, allow the LCSs samples to equilibrate for a
minimum of 4 hours before alliquoting for analysis or diluting with solvent (methanol).

I1I Sample Analysis - LCIMSIMS

11.1 Instrument Setup
Note: In this example, an Applied Biosystems Sciex API 4000 (API 5000 or API 5500) Tandem Mass
Spectrometer (LCIMSIMS) is used. Other brandstmodels of LCIMSIMS instruments as well as single
quadrupole mass spectrometers (LCIMS) may be used as long as the method acceptance criteria are met.
Brand names, suppliers, part numbers, and models are for ilustrative purposes only. Equivalent performance
may be achieved using apparatus and materials other than those specified here, but demnonstration of
equivalent performance that meets the requirements of this method is the responsibility of the laboratory. The
operator must optimize and document the equipment and settings used.
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Establish the LC/MS/MS system and operating conditions equivalent to the, following.

Mass Spec: Applied Biosystems API 4000, API 5000, or API 5500

Ion Source: Turbo Ion Spray (ABS)
Mode: Bedzrospray Negative
Scan Type: MRM (Multple Raction Monitorng)

Computer Del DHM
Softwae: WindowNs 2000 or Widow~s XP, Analyst 1.42 or higher versions

HPLC: Agilent Series 1100,1 200, or 1290

Agilent Quaternay Pump
Agilent Vacuum Degasse

Agilent Autosamrpler

Agilent Column Oven

Noe:One or more C18 HPLC anacacoumns (2.1 mm x100 mm, 5pmor21rmmix 50 , 5pm) may be
attached on-line after the purge valve and before the sample injection port to retard and sepooe any residue
contaminants tha may be in the mobie, phase andlor HPLC system.

HPLC Column: Betasil CIB, 4.6mm x 100mm, 5pm (Thelrnoectlvn Corporation)

Column Temperature: 350C

Iriection Volume: 5pL

Mobile Phase (A): 2mM Ammonium Acetate i ASTM Type I water (See 7.3)

Mobile Phase (B): Methanol
Table 3. Uquid Chromatography Gradient Program.

SteP Total Tme Rlow Rate Percent A Percnt B
Number (mlin) (ii 1mm) (2 mM ammonium (Medhanol)

0 0 150 97.0 3.0
1 2.0 750 91.0 3.0
2 14.5 750 5.0 95.0

3 15.5 750 5-0 95.0
4 16.5 750 97.0 3.0
5 20.0 750 97.0 3.0

Note: Other HPLC gradients my be used as long as the method criteria and project data qco4y objedve are

It may be necessary to actjust the HPLC gradient in order to optimize instrumnent perftmanwoColums with
different dimensions (e.g. 21mm x 30mm) and columns from different manufacturers (KeyeW Betasil C18
etc.) may be used.
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Table 4 Suggested MRM Transitions for Target Analytes, Surrogates, and Internal Standards

Anaiyf Ausatle D-SFIO- Mass Tma~siau Mass Ti'arniie

01 (OWN)03 (aHM)

PFBA (C4 Acid) ________ 21369

PFPeA (C5 Acid) Tfid23219

PFHxA (C6 Acid) _________313 _ 269.119

PFHpA (C7 Acid) Target____363 319.169

PFOA (CS Acid) Tgt43369,219,169

463 419,169,219
PFNA (C9 Acid) Target______
PFDA (CIO Acid) Target 513 469,269,219

PFUnA (C 1 Ac4d Target 563 519,269,219

PFMoAMU1Acid) Tuat 613 569,169,319

-PFTA (C13 Acid) Targe 663 619,369,319

FBSA (C4 Sulffmanide) Target 296 72

FOSA (C9 Sulfimmide) Target 492 78

PFBS (C4 Sulfenat) Target 299 99,20

PFHS (C6 Sulfenate) Targe 399 99 '80
PFOS (CS Slfimate) Targlet 499 60,99, 130

[1.2,3.4 -! C4PFBA IS far PFB3A 217 172

[l,2,A,5 _13rIPFPeA IS fir PFPLA 268 223
[1.2 'C 21PF~xA IS for PFI~xA 315 270

[112,3.4- 13C4IPFHPA IS for PFHpA 367 322

[I.2,3A45A67.8-'3Cs1PF0A IS fir PFOA 421 376

r12-345.6.7.89-13CNA IS fiwPFNA 472 427

[1.2.3A45.6 Y'C.JPFDA IS for PFDA 519 474

[112,3,4,5.6.7 -13C7]PR~nA IS for PFUnA 570 525

[1,2 -'3CPFDoA IS for PFDoA and PFTA 615 570

EU2 PFSIS for PFBS 303 84

fl,23-"3C3IPFHS IS for PFHS 402 so

11.2.3.4_ 1CdPFOS IS for PFOS 503 so
[1.2,3A5,6.7,8-0Cs1FOSA IS for FOSA 507 80

f1,254- 13CAPFOA Surogate (C4-CS Acids) 417 372

1,2,3A4- 3C4 PF0S Stufogite(Sulfi-ta. FOSA) 503 80

[1.2 -'3C2iPFUnA Sunrgante (C9-C13 Acids) 565 520

Multiple transitions for moniftorin the analytes is an option. The use of one daughter ion is acceptable it data
sensitivty and selectivity is achieved and provided that retention time criteria are met to assure adequate
specificity. Whie the daughter ions may be chosen at the discretlion of the analyst, mass transition 99 is
suggested for PFOS. Quanititation may be performed using the total ion chromatogram (TIC, or summed
MRMs) for a given analyte. For example, the PFOA TIC would sumn all three of the monitored transitions. Use
of the suggested primary ion is recommended. Retention times may vary slightly, on a day-to-day basis,
depending on the batch of mnobile phase and the gradient column, guard column(s) used etc. Drift in retention
times is acceptable withi an analytical run, as long as the drift continues through the entie analysis and the
standards are interspersed throughout the analytical run.

11.2 Calibration Curve

Quantaion is by internal standard or external standard calbrt. Calibration standards may be prepared in
ASTM Type 1, HPLC water, other suitable water, or a solventlwater mixtre. If internal standard calibration
does not meet calibration acceptance criteria, external calibratin can be aplied. See Table 1 for
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recommended application of avalable internal standards. Quantitation of PFOA and PFOS is* sumnmed
analyte-specific mass transitions.
Analyze the standard curve prior to each set of samples. If internal standards were added *t $calibration
standards area ratios are used to generate the calibration crve. The standard curve may b* os using a
linear regression (y =mx +b), weighted lhor unwighted, or byquadratic ft (Y= a?+bx +i igtted INxor
unweighted, using suitable softwe. The mathematical method used to calculate the calb4~ curve should
be applied consistently throughout a study. Any change should be thoroughly documnented i * raw data.
High and/or low points may be excluded from the caibration curves to provide a better fit range

aprpit to the data or because they did not meet the pre-determined acceptance cWRiea lvl curve
points should also be excluded if their area counts (or area ratio if quantitating by IS) are notl4 twice that
of the average aracounts (or araratio if quanittating by IS) of method and/or solvent blrTh coefficient
of determiniation (?) value for the calibration curve must be greater than or equal to 0.990 (
coefficient (r) of 0.995). Each point in the curve must be withi ±25% of the theoretical cwith the
exception of the LLOQ, which may be within ±30%. Justification for exclusion of calbration points will be
noted in the raw data. A minmun of 6 points will be used to construct the calibration crve.

If the calibration curve does not meet acceptance criteria, perform routine maintenance or poep~e a new
standard curve (if necessary) and reanalyze.

11.3 Continuing Calibration Verification (CCV)
Contnuing calibration verifications (CCV) are analyzed to verify the accuracy of the cairtiw urve. Analyze
a mid-ange calibrat standard, one of the same standards used to construct th aIrai *ve, at a
minimumn after every tenth sample, not including solvent blanks, with a minimtum of eper #40ple set.
Calibration verification injctions must be wihin ±25% to be coinsidered acceptable. The c.l~o curve and
the last passing CCV will then bracket acceptable samples. Multiple CCV levels may be =s4~Samples mus
be bracketed by passing CCVs or the calibration curve and a passing CCV to be reportable4

11.4 System Suitability
A mininiun of three system suitability samples should be irjected at the beginning of each run, prior
to the analysis of the caibrtio curve. Typically these samples are at a concentration ner mid-evel of the
calibration curve and are repeated injections from one autosampler vial. It is suggested thtsystem
suitability injections have area counts or area iratios when using internal standard calibratiwrIM a target RSO
of 55% and a target retenrtion tine RSD of S2%. There is no defined acceptability limit on results as the
%RSD value is dependent on te number of MRM tansitions being monitored in the C/i run or tine
period. Ultimately, any effects on these parameters for the System Suitability sample w I b= e evident on
all standards and QC samples analyed asrt of the analysis batch. Any effect of systemt it Y is
incoporatd within QC acceptance criteria. Pr

11.5 Sample Analysis and QCs
For each analysis batch, the instrumnent analysis run sequence should include an inial calI~~ncre
samples, FDSs, interspersed blanks, interspersed CCVs, appropriate QCs (i.e., LCSs, LM Z~M~,TMs,
and TBs), and a final CCV or calibration curve bracketing samples and appropriate QCs
iect the same volume (betwveen 5 - I OOpL) of each standard, analytical sample and blank ji*4 the instrument

(unless an on-instrument sample dilution is desired).
Samples contaiing analytes that are quantitated above the concentration of the highest st*1o in the curve
should be further diluted arnd reanalyzed.

4 3M Enurammnail Labmetay study EOS-009 evahutedithe effct anee remuits as a finction of &he number afbMEMs *41110ait'Ne'L
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12 Data Analysis and Calculations

The chromatography analysis sobLre will typically calcuilate the amount of target analyte in the sample
extracts using the estalished calibration curve.
Calculate the percent recovery of the LCS using the following equation:

LCS Concentration (-)g
LCS% recovery UI *100%/

Spike Concentration (-)g
mIL

Calculate the percent recovery of the LMS using the followinig equation:

IMS Concentration (I-) - Concentration of Sampleri
LMS % recovery 100%

Spike Concentration (n
ml-

For samples fortified with known amounts, of analyte prior to extraction, use the following equation to calculate
the percent recovery.

Recovry =Total analyte found (ng/mL) - Average analyte found in sample (ng/mL)xl0
Analyte added (nglmL)

13 Analysis Batch Method Performance Criteria

Any method performance parameters that are not achieved must be considere in the evaluation of the data.
Noniconiformance to any specified parameters must be described and discussed in the final report if the
Technical Manager (non-GLP study) or Study Director (GLP study) chooses to report the data.
If criteria listed in this method performance section ar no met, maintenance may be performed on the system
and samples reanialyzed, or other actions taken as appropriate. Document all actions in the raw data.
If data are to be reported when performance criteria have not been met the data must be footnoted on tables
and discussed in the text of the report.

13.1 System Suitability - Analysis Batch
A minimumn of three system suitalIity samples should be injected at the beginning of each analytical rn.
These samples are run prior to the calibration curve. ft is suggested that the system suitability irjectins have
area counts with a target RSD of 95% and a target retention time RSD of :52%. There is no defined
acceptability limit on these results as the %RSDs are dependent on the number of MRM transitions being
monitored in the LC/MS/MS run or time period. Any effect of system suitability is incorporated in the OC
acceptance criteria.

13.2 Calibration and Limit of Quantitatlon (LOQ) - Analysis Batch
Calibration Curve: The coefficient of determination (r2) value for the calibration curve must be greater thani or
equal to 0.990 corresponding to a correlation coefficient (r) = 0.995. Each point in the curve must be within
±25% of the theoetical concentration with the exception of the LLOQ, which may be within ±30%.
CCV Performance: The calibration standards that are interspersed throughout the analytical sequence are
evaluated as continuing calibration verifications in addition to being part of the calibration curve. The accuracy

ETS-8-044.1 Page 19 of 22
Method of Analysis for the Determination of Perfluorinated Compounds in Water by LCIMSIMS; Direct Injection

Analysis
Page 83 of 88



I ItL

GLPlO0-OF"lli~ Report 38
An~ysis of PFOA In Wate Sanpes

Former Bert Jeifries PRwOpe-y.dober 2012

of each curve point must be within 25% of the theoretical value (within 30% for bwiest curveilpt). Samples
that are biracketed by CCVs niot meeting these criteria must be reanalyzed.
Umits of Quantitation (LOQ): The lower LOQ (LLOQ) is the lowest non-zero active standOM ji the
calibration cxwe the peak are of the LLOQ must be at least 2X that of the average area cc fr all
prepared procedural blank(s). By definition, the measured value of the LLOQ must be wiii Of the
theoretical value.
Demnonstratio of Specificity: Specificity is demonstrated by c IrAtora i retention tir" witin 4% of
standard) arnd the mass spectr-al response of unque ions.

13.3 Blanks - Method/Procedural Blanks and Trip
MethodfProcedural Blanks: Multiple procedural blanks should be interspersed throughouA t" analysis batch
and the analytical sequence. At a minmumr, method blanks are analyzed prior to instrumert *rJIaOnI, pior
to the analysis of CCV samples, after every 10 sample ir~jectons, and at the end of the anall run.
The mean area counts (or area ratios when usig IS caibration) for each analyte must be koo4 an 50% of the
area count of the LOQ standard. If the area counits of the procedural blanks exceed 50% of 0*LOQ standlard,
then the LOQ must be raised to the first standard level that meets criteria.

Tirip Blank: A trip blank of ASTM Type I water (or lab equivalent) is prepared in a ampie cn~nri h
laboratory and treated as a sample, includin exposure to shipiping, sampling site condto$ *E3rage
preservation and all analytical procedures. The trip blanks resuts for each analyte are"ichd with the
reore sapl results.

13.4 Data Accuracy and Precision - Analysis Batch
Lab Control Spikes: The average recovery at each LCS level for each target analyte and eSRS
should be within 80-120% and the percent relative standlard deviation of te recoveries m"~ less than or
equal to 20%. If the average recovery of a spiking level fals outside method acceptance, least 67% (6
out of 9) of LCS samples are within 20% of the* respective nominal value (33% of the OC ,not all
replicates at the same concentration, may be outside 20% of nominal value), the average will be
flagged as outside method acceptance crileria. All LOS samples will be conto chIte a S12012. If
the average recovery of one of the spiking levels exceeded the analytical method l determined by
ETS-1 2-012, that analytical batch uncertaknt wil be expanded for that particular study. T recovery
at each LOS level for mixed bran chedciftwar isomeir PFOA and PFOS should be within 70-ft and the
percent relative standard deviation of the recovenes must be less than or equal to 20%. 1

Fki Duplicates: The relative percent difference (RPD) of duplicate samples should be le" han 20% for the
precision of samnple preparation and analysis to be considlered in control. Replicate sampl"Ir" meeting the
20% RPO criteria are flagged and reported as outside of 0C acceptance criteria
lField Matrix Spikes: FMS acceptanceciteia are recoveries withn *30% of the expected~ "for each
target analyt and appropriate SIRS. Sample data with FMS recovery outside of *30% but * 50% of the
expected value are flagged and reported as outside of 00 acceptance criteria. Data with recovery
outside of ±50% of the expected value are reported as NR, where NR is defined as 'Not R dlata
outside of 00 acceptance criteria. If FMS recovery could not be assessed because FM~s a an
inappropriate level, then Laboratory Matrix Spikes (LMSs) may be siibstituted. if IMS are rwithin
*30% for each target aailyte and SRSs the data are reportable but flagged as not mew"'n FMS method-cetac crtria.

13.5 Analytical Method Uncertainty

Analical method uncertainty for each target analyte and SRS is determined with control ch$*~e historical
analysis batch LOS data for the method and reported with each analysis batch.5 Uncertair" *eerminations

5Mdhod uncertainty based on RITENATIONAL ANS/ISO/JED STADARD 17025 refirece (GUM, Gui* N the Expression of
Uncertainty in Measurement). Method application demonstrated in ETS-12-012, citing refereces: a.) EURAC"*ITAC Guide,
"Quantifying Uncertainty in Analytical Measuremnent," Second Edition; Editors: S.L. Ellison, M. Rosslcin, O A . illims.
b.)Gcorgian, Thomas, "~Estimation of Laboratory Analytical Uncertainty Using Laboratory Control Samnples." *A*omental Testing &
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are based on INTERNATIONAL ANSIISOIIED STANDARD 17025 reference (GUM, Guide to the Expression
of Uncertainty in Measurement) and described in ETS-1 2-012 At least thirty data points are required for
determining analytical method uncertainty. The method uncertainty is defined as 2x the standard deviation of
te percent recoveries of the pooled lab contol spikes. While all LCS data points are control charted, only the
most recent fifty data points are used for determining the method uncertainty.
When less than thirty LCS data points have been generated for a given analyte, the analysis batch LOSs are
used to determine the data uncertainty. Nf FMSs meet the ±30% recovery criteria at a level appropriate to the
endogenous level, and the LOS meet the ±20% recovery criteria, theni the uncertainty of the data is determined
as within 100±20%.
Analysi batch sample data with FMVS recovery outside of ±30% btA within ±50% of the expected value are
flagged and reported as outside of QC acceptance criteria with expanded uncertainties. Data with FMS
recovery outside of ±50% of the expected value are reported as NR, where NR is defined as "Not Reportable"
data outside of QC acceptance criteria. If FMS recovery could not be assessed because FMSs were at an
inappropriate level, then Laboraory Matrix Spikes (LMSs) may be substituted. If IMIS recoveries are within
±30% for each target analyte and appropriate SRSs the data are reportable but flagged as niot meeting the
FMVS method acceptance criteria with uncertainties of ±30%. If FMS do not meet the ±30% recovery criteria,
and historical FMVS data does niot exist, the analytical uncertainty is evaluated on a sampl-by-sample basis,
the data may be reported with expanded uncertainty and are flagged.

13.6 Quantitation of PFOAIPFOS - Analysis Batch
Calibration standards consisting of mixed branched and linear isomer PFOSJPFOA are preferred.
Quantitation is performed by integrating the linear and branched isomers together. Alternately, the linear and
branched isomers can be integrated separately, applying the appropriate true value to each calibration curve
point for each isomer. The LOS and samples are then quantitated by integrating the linear and branched
isomers separately (requires separate analytical results tiles) and quantitating the resulting peak against the
linear or branched calibration curve. The results from both integrations are then sumnmed to produce the final
result Integrating ihe linear and branched isomers separately may be helpful for those samples whiere the
linear/branched ratios do not closely match those of the reference standards.
However, for PFOSIPFOA target analyes, if the calibration standards are comprised of predominant linear
isomers only the method requires the addition of LOSS of mixed branched/linea isomer PFOSIPFOA The
purpose of including these LOSs is to demonstrate quantitative equivalency (or quantitative bias) of the
isomeric mix whien using a predominantly linear PFOS or PFOA standard for calibration. Alternatively, in lieu
of mixed branched and linear isomer PFOS/PFOA LOSs, mixed branched and linear isomer PFOS/PFOA
TBMSs may be applied to demonstrate method accuracy and precision.
An alternate method of quantitation can be performed whereby only the inear isomer of PFOS/PFOA is
integrated and used for generating the calibration curve. The LOS and samples are then quantitated by
integrating the linear and branched isomers separately (requires separate analytical results files) and
quantitating the reultig peak against the linear calibration curve. The results from both integrations are then
summed to produce the final result Integrating the linear and branched isomers separately reduces the on-
column concentration for those samples that contain both linear and branched isomers of PFOAJPFOS. This
ensures that the concentration detected is within the a range of the calibration curve that is comparable
regardless of whether the caibAio curve was generated using predominantly linear isomers of PFOS/PFOA
or linear plus branched isomers of PFOS/PFOA.

14 Pollution Prevention and Waste Management

Waste generated when performing this method will be disposed of appropriately. The original samples will be

archived at the 3M Environmental Laboratory in accordance with internal procedures.

Analysis, November/1)canmber 2000. c.)Taylor, B.N. and CE. Kuyatt, NIST Technical Note 1297, 1994 Edition: "Gunidelines for
Evaluating and Expressing the Uncertainty of NIST Measurement Results."d.)Adams, T.M., "A2LA Guide for the Estimation of
Measurement Uncertainty in Testing", July 2002.
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15 Records

Each data package generated for a study must include all supporting information for re=ost*w~o of the data.
Infomation for the data package must include, but is not limited to the following items: stuy lrcied
number, sample and standerd prep sheets/recrds, instrument run log (istrumnent batch , ineuTw
acquiiton method, summary pages), instrument results tiles, chromalograms, calbraition=*4 and data
caclons.

16 Affected Documents

None.

17 Revisions

Revision
Number Summary of Changes

1 Section 1. Included the use of internal standard calibration by this method.
Section 2. Included the use of internal standard calibration by this method. In*4ed the
use of a solvent/water mixture when analyzing for PFUnA, PFDoA, PFTrDA, a00 FOSA.
Section 3. Added definitions for internal standard, surrogate, internal standardi so*d
surrogate recovery standard.
Section 6.Removed the details regarding the instrument parameters to section 10 of the
method.
Section 7. Updated reference standards to include internial standards and su4tq0es.
Changed concentration levels for working standards and included the use of uiin~al
standards and surrogates.
Section 8. Inserted a new section on sample bottle preparation.
Section 9 Quality Control. This section was previously section 10 in ETS-8-044# Updated
QC criteria to be consistent with method ETS--1 54.4.
Section 10 Procedures. This section was previously section 8 (Sample Hand in ETS-8-
044. 0. Added detail regarding the preparation of LCSs. Included the use of# Enol as a
dilution solvent
Section I1I Sample Analysis. This section was previously section 10 in ETS-4*.0.
Included fth details regarding the instrument parameters
Section 12 Data Analysis and Calculations. This section was previously secti~a 1 in ETS-
8-044.0. Removed the equation for calculating the analyts concentration, in$jiOong that
this is done by the instrument software.
Section 13 Method Performance. This section was previously section 12 in Et$*-M4.0.
Updated QC criteria to be consistent with ETS48-154.4. Added information on ItOj
determination of analytcal method uncertainty and quantitation of PFOAIPFOI,
Section 14 Pollution Prevention. This section was previously section 13 in ET$404.0.
Section 15 Records. This section was previously section 14 in ETS-8-044.0.
Section 16 Affected Documents. This section was previously section 15 in ETS4.044.O.
Section 17 Revisions. This section was previously section 16 in ETS--4.0.

ETS-8-044. Page 2 22
Method of Analysis for the Determination of Perfiuoninated Compounds in Water by LC/M$; Direct Injection

Analysis
Pagpe 86 of 88



GLIlO-0l-0l; Interim Report 38
Analsis of PFOA in Water Samples

Former Bert Jeffries Property - October 2012

ATTACHMENT D: DEVIATION(S)

Page 87 of 88



GLPIO-01-01- I*46n Reo38
Analysis of PFOA is ooem Smuples

Foanner Bret Jeffries PmOPert -Odober 2012

RECORD OF DEVIATION/NONCONFORMANCE
L. identification

Study IProject No. Date(s) of Occurrence: Document Number:
GLP10-01 -01-38 k121024a ETS-84344.1
Deviation type 0 SOP 0 Equipment Procedure 0 Method
(Check one) 0 Protocol 0 GPO 0 Other:

1i. Description (attach extra pages as needed)
Method Requirements:

1. Fleld Duplicates (section 13.4)- The RPD of duplicate sample should be S 20%.

Actual procedure/process:

1. JPAL SW ET04 121008 -The sample/sample duplicate %RPD was 36%.

Ill Actions Taken (such as amendment issued, sop revision, etc.)

Corrective Action (oJ Yes i0 No) Reference:

Acceptability of the nonconforming work:

1. The non-compliant RPD wAIl be noted In the ftnal report.

Actions: 0 Halting of Work 0 Client Noification 0 Work Recall 0] Withholding of k*~cxt
21 Other: Deviation will be noted in final report.

Project Lead/PAl Approval: Susan Wolf Date:

Study Director (if GLP): NA Date: N

Sponsor Approval (for GLP protocol deviations): NA Date: NA

Technical Reviewer (optional): NA Date: NA
Laboratory Technical Director Approval: Date:

IV. Authorization to Resume Work
LWhere haling of worki occurred, resumption of work must firs~t be appove by Laboratory YLfnpvren

Laboratory Departrnent Manager Approval: NA Date: N~A~

Deviation No.
(assigne by Study LDireclor or Team Leader at M n f opoet

Attachment A ETS-4-008.7 Pooj 1 of 1
Documentation of Deviations and Control of Nonconforming Testing
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GLP COMPUANCE STATEMENT

Report Tite: Iterim Report 37 - Analysis of PFBS, PFIIS, and PFOS in Water Samples Collected at
the Formner Ber Jeffres Property in Decatur, AL - October 2012.

Study Analysis of Peifluorooctane Suffonate (PFOS), Perfluorohexane Suffonete (PFHS) and
Perfluorobutane Sulfonate (PFBS) in Groundwater, Soil and Sediment for the 3M Decatur Phase 3
Site-Related Monitoring Program.

This analytical phase was conducted in compliance with Toxi Substances Control Act (TSCA) Good
Laboratory Practice (GLP) Standards, 40 CFR 792, with the exceptions listed below

" These are environmental samples *wer there is no specific test substance, no specfc test
system and no dosing of a test system.

" The reference sustances have niot been charactertzed under the GIPs anid the stability under
storage conditions at the test site have not been determined under GLPs.

Jaisimha ri, P.E., DEE, Study Director

Page 3 of 133



GLPIO.01 -02; lttIM eot3
Anls~is of PFOS. PFHS, and PFOS la0 amples

Former Sert Jeffries PropeflW 4 e 2012

QJAurTY ASSURANCE STATEMENT

Report Title: Interim Report 37 - Analysis od PFBS, PFHS, and PFOS in Water Samples C%4Ited at
the Former Bert Jeffries Property in Decatur, AL - October 2012

Study: Analysis of Perfiucrooctane Sulfonate (PFOS), Perfluorohexae Sultbonate (PP~f and
Perfluorobutan. Sufonate (PFBS) in Groundwater, Soil and Seduient for the 3M Decatut "ase, 3
Site-Related Monitoring Program.

This analytical phase was audited by the 3M Envionmental Laboratory Quality Assurance L* )
as idicate in the foilowng table. The finings were reported to the principal investigt*(P.1.,
laboratory management and study director.

Faebit Pepofld to ec~a

Inspection Dates Phase Testing FatetdRDrco
Manuaernent

11/02/12,11/0/12 DataReport 11/15/12 11/15112
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2 Summary

A total of fify-nn sample bottles were received at the 3M Environmental Laboratory for
perfiuorobutane sulfonate (PFBS), perfiuorohexane sutfonate (PFHS), and perfluorooctane sulfonate
(PFOS) analysis from Weston personnel on October 16,2012. The water samples were collected
from fourteen groundwater locations and six surface water collections at and near the fobrmer Bert
Jeffries property, and were logged ito the laboratory information management system (UMS) under
project GLPIO-01-02-37. Due to lack of water, no samples were collected from one of the surface
water locations (ETOI).

The 3M Environmental Laboratory prepared sample containers for fourteen groundwater and three
surface water locations collected on October 8-11, 2012. For each sampling location, a total of three
sample bottles were prepared (sample, sample duplicate, and a field matrix spike). A trip blank sample
containing Milli-QTm water and a trip blank spike was included with the sample bottles. A single
eqipment iinseate blank was also collected. The equipment rinseate blank did not have a FMVS
sample prepared for determination of PFBS PFHS, and PFOS recovery. All sample bottles included
the addition of 1802-PFBS, 13C3-PFHS, and hC' PO (intemnal standard) at a nominal concentration of
I ng(mL and 13C4-PFOS (surrogate recovery standard) at a nominal concentraition of 0.1 ng/mL.

Weston personnel collected singl sample replicates on 10/1/12 from four surface water sampling
locations (ETO2, ETO3, ET05, and WTOI1) along with one trip blank sample. For these four sampling
locations, the addition of 02-PFBS, 1C3-PFHS, and 1C,-PFOS (internal standard) and 1C4 pFoS
(surrogate recovery standard) was performed after sample collection, and before sample analysis.

AN of the samples were prepared and analyzed for PFBS, PFHS, and PFOS following 3M
Environmental Laboratory Metho ETS-8-04. 1. Where applIcable, samples were analyzed against an
internal standard caibiration curve.

The measured PFBS, PFHS, and PFOS concentrationis are stiurnaried in Table 1. Where
applicable, the value reported is the average for the duplicate water samples that were collected. The
trip blank and equipment blank samples were below the lower linmit of quantitation (LLOQ) for all
analytes, indicating adequate control of sample contamination during shipping and sample collections.
The analytical method uncertainties associated with the reported results are: PFBS ±12%, PFHS±
20% and PFOS ± 14%.
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Table 1. Summarized PFBS, PFHS, and PFOS Results (Former Bert Jeifries Proporlp
October 2012).

PF8S PFHS PF*

Sapig xto Avg. Conc. Avg. Cone. Avg. 4
(ngftnL) (ngftnL) (gi

_________________ %RPD I %RJPDI

JPAL GW WV1R 121009 0.106* 1.9% 0.751 * 0.93%1 A

PAL GWM'JV3R 121010 1.59 *32% 6.19:k3.1% 73

PAL GW WV4R 121010 0.186 *14% 3.70 *8.6% 5j
JPAL (3W WV4L 121010 0.0946 * 7.8% 0.231 * 5.6% 0.534

JPAL (3W tvV5R 121010 <0.0250 0.0671 * 1.9% 0. 1( CotA7

PAL (3W WV51- 121010 0.2011*4.0% 0"38i 3.6% 1.61l -

PALGW W 6R 121010 0.175*4.0% 0493 *32% E 4.E0PAL (3W Mt61 121010 0.0538 * 7.6% 0.0925 * 4.% 0. .%
JPAL (3W MW7R 121010 0.653 * 2Z1% 2.28:k 2.6% 9- .12%

PAL O3W LWV8R 121010 0.0533 *8.8% 0.0932*k1.7% 0.2- 484%

JPAL (3W WV9R 121011 0.0269:k 8.2% 0.0848 * 0.24% 02141 .4
JPALG(W WJ9L 121011 <0.02503 <0.0250___

PAL (3W WOR 121010 0.0640*k10% 0.242 *k4.1% 0....2 .1%
JPALG(W WV/1L 121010 <0.0250 0.0748*k2.5% 0.4q#08%

JPAL SW ET04 121008 0.0513:k 37% 0.0364 * 31% (13 0 %(1
JPALSW DC01 121008 0.115*2.6% 0232 *5.6% 1.5 45%
JPAL SW ETO2 121001 <O.O2wOQ <0.02w~ <0) *Pj 2

JPALSW ET03 121001 <0.0250 0 <0.0250(" 0 ~j
JPAL SV ET05 121001 <0.0= (21 0.0748 (21 I 0

JPAL SW WM01121001 <0.0250(" 0.0733' <0 (2

Trip Blank GII (MUNII-Q' m War) <0.0250 <D.0250
Trip Blans SW "1114-Ql Water) 121001 <0.0250 <0.0250
GLP1O-01-02-37 EWOmn dnisate bit: <0.0250 <0.0250 4~
PAL (37W WJ5 ______________ _____

anyal metho uncertainties associated with t#e reported result are: PFBSk *12%. PFHS i 20%j*W
C0:*14%.

1) The RPD did not meet acptance cafila of s20%.
2) A fleld duplicals sample was not colected for thi sampin locaio.
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3 Introducton

This analytical study was conducted as part of the Phase 3 Environmental Monitoring and Assessment
Program for the 3M facility located in Decatur, Alabama. The objecive of the overall program is to gain
information regarding concentrationis of pertluorooctane sulfonate (PFOS), perfiorohexane suffonate
(PFHS) and pefuorobutane sulfonate (PFBS), in various environmental media such as grounidwater,
soils and sediments that are associated with and near the Decatur facility. This analytical study was
conducted to analyze ground water samples collected from fouteen locations from off-site wells near
Jeffries Landfil in Decatur, AL for PFBS, PFHS, and PFOS in an effort to characterize regional
groundwater conditions.

The 3M Environmental Laboratory prepared sample botgies (250 mL high-density polyethylenie) for
fourteen groundwater and three surface water locations, which ware shipped to Decatur, AL Weston
personnel prior to field sampling. Sample bottle sets for each sampling location included a field
sample, field sample duplicate, and field matrix spice (FMS) sample. Each empty container for
sampling was marked with a IN1 to here line to produce a final sample volume of 200 mL. Containers
designated for field matrix samples ware fortified with an appropriate matrix spike solution containing
PFBS (linear isomer), PFHS (linear isomer), and PFOS (linear and branched isomers) prior to beng
sent to the field for sample collection. All sample botgies include th additio of 18 PFBS 13 3
PFHS, and 13C8-pFOS (internal standard) at a nominal concentration of 1 ngimL. All sample botties
also included the addition of 13C-PFOS (surrogate recovery standard) at a nominal conicentration of 0.1
ng/mL For the single surface water samples from four sampling locations (ET02, E17O3, ETOS, and
WTOI), the internal standards and surrogate recovery standard was added to a sample aliquot just
prior to sample analysis. See section 8.8 of the report for field matrix spike levels.

Samples were prepared and analyze according to the procedure defined in 3M Environmental
Laboratory method ETS-44".1 "Method of Analysis for the Determination of Periluoriated
Compounds In Water by LCIMSs'MS; Direct Injection Analysie. The use of internal standards was
used to aid in the data quality objectives.

Table I summaie the PFBS, PFHS, and PFOS concentrations for the water samples collected, as
wal as the trip blank and equipment rinseate blank samples. Where applicable, the value reported is
the average for the duplicate water samples that ware collected. Tables 10-28 sumlmarize the
individual sample results and the asoitdfield matrix spike recoveries. All results for the quality
control samples prepared and analyzed with the samples are reported and discussed elsewhere in this
report

4 Teat & Confto Substances

There was not a test substance or control substances in the classi sense of a GLP study. This study
was purely analytical in nature.
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5Reference Substances

I_ _ - -o---

Chemical Nam Poastmonl ______________

Chemical Formula CAFSO0KV C4FA[8
2 0N

kkmie NA N

use Stnad__a Sv~

source 3M R nenioa

Expiration Dae 01/1=0217 0/921

StorgeConditions Frozen Foe

Chemical Lot Number 41-26D048442-5614-0-

TCR Number TCR-121 TCR-1 024. TCR-1040

Phr-ical Descilpon Whit Pamcer iu~id

Purity 6.%>99%

FS

Ce ical Nm Sodiumn Periuorohuwwn Sodlurn
_ _ _ _ suffonalle Nonoheme

Chemica Formula C6F1 SO3Na 'tC'C 3FtSiW

Idnfer L-PFHXS MPFC-C-01 12

UeTarget Analyle Reference Intena Standlard
____________ ~Standard________

Source Wallngton Wellington

Expiration Dae 0325=018 01(242015

Storage Conditions Frozen Frozen

Chemical Lot Number LPFHxSAMO8 MPIFC-C-1 12

TCR Number TCR08-0018 TCR12-0004

Physica Descrpton Crystalbie Llcuid

Purity 100% 5 pg (1)

(1) Cuslgi nibdue of sv nmss-leled (Q 3C- pecrbjwtxgic acids, hv massip9h ("C)
psi an- d one nmss-ifed (OC) paaijor--odunuiids
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PFOS PVOS

(Unem + Branched OInhim+ Branched

ChrialNm Polass1luimPerIuorooctne Potassium Pseluorooctane

Chemical Formula CaF17SO 31( CeF 17S0 31(

Identifier Br-PFOSK CAS #2795-39-3
Target Aralmt Reisrence MReencStdd

Use _ __ __ Standlard _MSRferece______m

Source Wellington Sigma Aldrich

Expration Date 12101/2014 02/04/2014

Storage Conditions Frome Ambient

Chernical Lot Number brPFOSKI 111 1424328V

TCR Number TCR1 1-0041 TCR1 1-0028

Physial Description Liquid White Powder

Purity 99.9% 99.7%

Refesuec. Substance '3C4'"08 U.1" 08S

Chemical Naeme Sodium Perfluooclane Sodium Perlluofooctane
_______________sullonute, saifonate

Chmial Formula 13C'4F7O Ia 1 S

kIeniler MPFOS MPFC-C-O 12

Use__________ S Reovey InenlStrdr

Source Wellington Wellington

Epiration Date 09/0BM213 01/24/215

Storag Condillon Frozen Frozen

Chemical Lot Numnber MPFOSD910 MPFC-C-01 12

TCR Number TCRIO-0044 TCR12-0004

Physical Description Liquid Liquid

Purity >98% 5 WgImL(I

(1) Cu~m mbdwe of seven mass4Mxtele (" c1C)omaslbe t
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6 Test System

The test systems for this stud are groundwate samples collected from wells located in De~AL b
Weston Solutions, Inc. personnel. Samples for this study are "real wAul samples, not do49with a
specific Wo of tlest sustarice.

Table 2. Sample Description Key Code.

Slirb Nwaubw Ski uc r Exml
Exnrnp JPAL-GW-PJWR-O-12100_____________

2 Smpl TWO _________________Misr_

3 IWkfan~h Example_______________

4 WONW R-fshiwshlo

______________ ___________ - Epiaa~miil wabr-bxwhu zone

5 SAnwnAO Dole 1210110- October 9, 2012
6 8armTpe 1O 0primysils

__________________ _____________FUS - RaW Aibf Spf

7 Method Summary

7.1 Method
Analysis for adl analytes was compleed foblving 3M Envirnental Laboratory method ETS' 011
"Method of Analysis for the Determination of Perfluorinated Compounds In Water by High PolNpnance
Liquid Chromtoraphy/Mass Spectrometry Direct Injecton Analysis".

7.2 Sample Collection T
Samples were collected in 250 ml- Nalgene (high-density polyethylene) bottles prepared ~ 3M
Environmental Laboratory. Sampl boles associated with GLP1O-0 1-02-37 were returned(M
laboratory at ambient conditions on October 16, 2012. Samples were stored refrigelated at
laboratory after receipt A set of laboratory prepared Trip Blank and Trip Blank field matrix st$W were
sent with the sample collecto bottles.

7.3 Sample Preparation
Samples were prepared by refming an aiquot of the well mixed sample and placing it in an *$Dvial for

During the preparation of the laboratory cwonto samples, an aliquot of a separate inenlsto 0111
spikig solution was added to the Laboratory conro samnples (nominal concentainf1 ngtr1Q) The
sample bottles were spiked with an internal standard mix at a nominal concentration of 1 nr1A4 prior to
being sent to the field for sample collection.

For the single surface water samples from four sampling locations; (ETO2, IETO3, ETOS, and W1Al1)
collected on 10/1112, an aliuot of the well mixed sample was removed and spiked with mtestadars 1 O~PBS, 13C3-pFHS, and 13C8-pFOS (nominal concentration of I n/Lad~~gt
recovery, stanldard 13C4-PFOS (nominial concentration of 0. 1 ng/mL), prior to sample analysis.
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7.4 Analysis
AN study samples and quality conrol samples were anayed for PFBS, PFHS, and PFOS using high
perfomance liquid chromnatographyl tandem mas spectrometry (HPLCJMSJMS). Detailedinstrument
parameters, the Iquid choaorpy gradient program, and the specific mass transitions analyzed are
descibed in the raw daahard copies placed in the final data packet~ and are briefly described below in
Table 3, Table 4 and Table 5..

Table 3. Instrument Parameters.

lnaftunmt NMmEsMoo

Analyis Dabe 1OW12 & 10/2M2
Liquid ChromftograpAft19

Guard colurrn Prism RP (2.1 mm X 50 nun) 51L
Analyt cl luFri Betwl C18 (2.1 mm X 100 mmr), 5a
InlCll o in lue15p

Mss Spectrometer Awiewd moysesA~ 5500
Ion Source Ttfbo Spray
Electrode Turbo ion eledrode
Po latN______

Softyare Andyg 1.6.1

Table 4. Liquid Chromatography Conditions.

Step, ToWa IMao FlawRate PexcwA PmnwtB
Number (in) (~lin)V (2 mM anmonm acetaft) (MiOtano

_______ ET8..41 AjId~ 1012612 & 10Or122
I 0.00 300 90.0 10.0
2 0.50 300 90.0 10.0
3 4.00 300 70.0 30.0
4 6.00 300 70.0 30.0
5 11.00 300 20.0 80-0
6 13.00 300 20.0 80.0
7 13.50 300 10.0 90-0
8 16.00 300 10.0 90.0
9 16.50 300 90.0 10.0

1019.00 300 90.0 10.0
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Table 5. Mass Transitions.

An*&gl Absa Tre sll n Sfandw
Q1103 SCN

PFBS 299 Mw 1002 1-PFBS M"1
2M ____
3Mu

PFHS 5mwe IfC-PIPM dI0?*O
39______
49§

FF0849 Unmar+ adPW570Branched
_________ 4MS30 _____ _ _ _ _

_________WI 5Mw IaCJPFDS Z ~
Duel ineues2) msec breaditwiin. The ~dcisa titoumsmnmed to prodce alblelio
d~wrmloWu (TC). %fch -ve used for janhhiian.

8 Analytal Results

8.1 Calibration

Samples were analyzed using a stable isotope internal standard calibration curve. C aiibra c r
were prepared by spiking knowwn amounts of the stock solution containig PFBS, PFHS =n~NI
(PFOS reference standard ontained both binear and branched isomr) into laboratory rmag* aer A
separate internal standard spiking solution was prepared and an aliquot was added at the sr level to
all calibation standards and laboratory control samples at a nominal concntation of I ngt~qA
calibration curve rangjing from approximately 0.025 nghnL to 50 ng/mL (0.025 ngAbnL to 10 fo
13C4-PFOS surrogate) was prepared, however, niot all calibration standards were analyzed o
the analytical runs.

A quadratic, 1/x weighted, calibration curve of the standard peak arealpeak araratios was ~4itofi
the data for each analyte. The data were not forced through zero during the fitting process. Qcdtn
the standard conicentratins using the peak area/peak area ratios and the resultant caitraikf jjv
confirmed accuracy of each camv point Each curve point was quantitated using th ovea21c*raio
curve and reviewed for accuracy. Method calibation accuracy requirements of 100*25% (1K) 7 for
the lowest curve point) were met for all analytes. The correlation coefficient (r) was greater lig0.995
for PFBS. PFHS, PFOS, and 13Cr-POS for each analysis E

8.2 System Suitability
A calibration standard was analyzed four times at the beginning of each analytical sequence 01
demonstrate overall system suitability. The acceptance criteria of hms than or equal to 5%rle
standard deviation (RtSD) for peak area and retention time criteria of less than or equal to 2% ID was
met for PFBS, PFHS, PFOS, and 13C 4PFOS.

8.3 Limit of Quantitatlon (LOO)
The LOQ for this analysis is the lowest noni-zero calibration standard in the curve that meet$ *arty
and accuracy reqirements and for which the area counts or area ratio are at least twice tholsl Of the
appropriate blanks. The LOQ for all analytes can be foud in Table 6.
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Table 8. Limit of Quantitation (LOQ).

PFBS PIMS PFOS
LOQ natl LOG. nataL LOO. naftnL

10f2612 0.0250 0.0250 0.0928
104M912 0.0250 0.0250 0.0928

8.4 Continuing Calibration
During fth coursedo each analytical sequence, continuing calibration verification samples (CCVs) we
analyzed to confirm that the inshrument response and the initial calibration curve were stil in control. All
CCVs met method criteria of 100% * 25% for PFBS, PFHS, PFOS, and 13Cr-PFOS surrogate.

8.5 Blanks
Three types of blanks were prepared and analyzed with the samples: procedural blaniks, trip blanks, and
equipment rinseate blanks. Procedural blank results were reviewe and usied to evaluate method
performance and to determine the LOO. Trip blanks reflect the shipping and sample collection
conions the sample bottles and samples experience. Equiprment nnseate blanks are aqueous
samples that reflect the efficiency of equipment cleaning in the field between diferent sample collections
to ensure no cross contamirkation of samples from the equipment.

8.6 Lab Control Spikes (LCSs)
Low, mid, and high lab control spikes were prepared for the target analytes and analyzed in triplicate,
while only low and high lab control spikes were prepared for the 13C4-PFOS surrogate. LCSs were
prepared by spiking knowni amounts of the analyte into synthetic groundwater to produce the desired
concentration. The spiked water samples were then prepared and analyzed in the same manner as the
samples. The method acceptance criteria, average of LCS at each level should be within 100% ±20%
with an RSD 520%, were met for all analytes.

The fbioy~ng calculations mere used to generate data in Table 7 for laboratory control spikes.

LCS PercentftRevy Camatdow nrain 100%
SpikeConcentration

LCS% RSDstandard deviation LCS replicates 10
avere ICS recovey
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Table 7. Laboratory Control Spike Recovery.

Anlzd1W26/2 _______ PFBS ______PFIIS ____

Spiked Calculawe SOWke CalwuAtd
Cormo Cocnrdr Cocniao -wwa I

Lab iD (nft (non %Rcow (nt~ Mg j %R

-CS-121024-1 0.198 0.199 101 0.198 0m1w 92.2
-CS-121024-2 0.198 0.199 101 0.196 0.179 I 90.3
-CS-121024-3 0.198 0.195 96.5 0.196 0.179 I 90.6

______±_FtS 100%±IA% ________91.01011.1%,

-CS-121024-4 1.98 1.99 100 19 .59.
-CS-121024-5 1.98 1.89 95.7 19 .68.
-CS-121024-6 1.98 1.85 93.4 1.9_1.7086.

kyrp± %RSD 96A4% 2 3.5% ___________ ___________

-CS-121024-7 9.94 9.,56 96.2 9.9 9.3 94.0
-CS-121024-8 9.94 8.88 89.3 9.94 8.85 89.0
-CS-121024-9 9.94 9.14 91.9 9.94 1 8.75 88.0
lverage ± %RSD 92.5%1±3.8% 90.3% ± 3.6%

Anlzd1(rM12 PFos(iser +
Spiked Calculated

Concerbutlon ConverdrfanwCne~~o CnmnfdO=
Lab AD (nh (I 4 %Rcvt I~n

-CS-121024-1 0.184 0.218 119 0.189 0.178 94.0
-CS-121024-2 0.184 0.226 123 0.189 0.191 101
-CS-121024-3 0.184 0.195 106 0.189___ 0.194_103

" rage ± %RSD _ _ _ _116% 7.7% __9.3_ 
__ __4,8%__ 

_ _ _ __ _

CS-121024-4 1.84 1.83 997 1.89 1.90 101

CS-121024-5 1.84 1. 1 99 . .919 
0

4CS-121024-5 1.84 1.77 95.1 1.89 1.89 100

__________F 96.9%±12.5% ____ 1O1%to.57

-CS-121024-7 9.22 8.87 9.2
-CS-121024-8 9.22 8.31 90.1
-CS-121024-9 9.22 8.35 90.6

ykwrp ± RSD92.3%/913.7%
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8.7 Analytical Method Uncertainty
Analytical uncertainty is based on historical QC data that is conrol charted and used to evaluate
method accuracy and precision. The method uncertainty is calculated following ETS-12-012.2. The
standard deviation is calculated for the set of accuracy results (in %) obtained for the QC samples. The
expanded uricertainty is calculated by mulliplying the standard deviation by a factor of 2, which
corresponds to a confidence level of 95%.

Table 8. Analytcal Uncertainty.

Aaye Standard Deviation Method Uncermta
PFBS 6.23 *12%

I PFHS I 10.0 I *20%
PFOS 7.17 *14% -

8.8 Field Matrix Spikes (FMS)
A single field matrix spike was cokected at several samping locations to verify that the analytical method
is applicable to the collected matrix. The field matrix spike was generated by adding a measured
volume of field sample to a container spiked by the Laboratory with PFBS (linear), PFHS (finear), and
PFOS (reference standard cotaiin both linear and branched isomers) prior to shipping sample
contairs for sample collection. In addition to target anallyte field matrix spices, each sample was
spiked with the stable isotope surrogate recovery standard '3C-PFOS at a nominal concentration of 0.1
ng/mL. Field matrix spike recoveries within method acceptance criteria of 100*30% confirm that
"unknoWn components in the sample matrix do niot significantly intee with the extraction and analysis
of the analytes of interest Target analyte field matrix spice concentrations must be 50% of the sample
concentration to be considered an appropriate field spike. Field matrixspices are presented in section 9
of this report

Table 9. Field Matrix Spike Levels.

ISarnpling Location IPFSS, nglmL IPFHS, ngfruL IPFOS, nglmL
SeW cLocatlonandTip Blank" 2.00 2.00 1.86

(1) lbs addition of the teW anal mvies iveulesily missed dfig ft ie ppalion of the tri blank field makri spike sample

FMS Revr ( Sample Concentration of FMS - Average Concentraton: Field Sample & Field Sample Dup.) *100%

Spike Concentraton

9 Data Summary and Discusion

Tables 10-27 below summarize the sample results and field matrix spice recoveries for the sampling
locations as wll as the equipment riseate and trip blank samples. Results and average values are
rounded to three significant figures according to EPA rounding rules. Because of rounding, values may
vary slightly from those listed in the raw data. Field matrix spike recoveries meeting the method
acceptance criteria of * 30%, demonstrate that the method was appropriate for the given matrix and
their respective quantitatlive ranges.
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GLP100I-02;ih#Orir Repod 37
Analysis of PFBS, PFHS, and PFOS aterw Sarngls

Fornler Bert Jeffies Pmopet October 2012

Tabl 28 includes the reslts for the sigle replicate sample collected at four surface water op4m
JPAL-SW-ErO2, JPAL-SW-Ero3, JPAL-SW-ETO5, JPAL-SW-WTOI, and tip blank JPAL.SW RP,
along with the surrogate recovery stalIdard (C 4 PFOS) laboratory matrix spire prepared at 0*8M
ngImL.

JPAL GW MW3R 121010; The target analyte field matrix spike level was not Iappropriato ao
compared to the PFHS and PFOS concentrations i the samples, hovmver, the '3C4-PFOS *$gate
recovery added to aNl sample bottles met method acceptance criteria.

JPAL GW MW4R 121010; The target analyle flield matrix spike level was niot appropriate as iPued
to the PFOS concentrations in the samples, however, the 1Cr-PFOS surrogate recovery ad=$t all
sample battles met method acceptance criteria.

JPAL GW MW6R 121010; The target analyte field matrix spike level was not appropriate aslctpared
to the PFOS concentration in the samples, however, the 13 d4-P'FO surrogate recovery addJD~ all
sample bottles met method acceptance criteria.

JPAL GW MW7R 121010; The target analyte field matrix pice level was not appropriate asl c*pared
to the PFOS concentration in the samples, however, the '3C4-PFOS surrogate recovery addWm4* all
sample bottles mnet method acceptance criteria.

JPAL GW TRIP FMIS; The adition of the target analyte was iadvertently missed during the
preparation of the trip blank field mat Spike Sample bottle. The 13C4-pFOS surrogate reco" added
to the sample bottle met method acceptance criteria.

'Paop 20 of 133
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GLPIOOI1-02; OF"e porxt 37
Analsis of PFBS, PFHS, and PFOS li TaWe Samples

Forme Bert Jedhies Pmpeft .4Odober 2012

10 Conclusion

Laboratory control spikes and field matrix spices were used to determine the analyti" metiid
accuracy and precision for PFBS, PFHS, and PFOS. Analysis was successfiily completed 4*ftAMn
3M Enviwmental Laboratory method ErS-844.1 descried herein.

11 Data/Sample Retention

AN remainig samples and associated project data (hardcopy and electroni) 4il be archied 40wrding
to 3M Envirnmental Laboratory standard operating proedures.

12 Attachments

Afttahment K- Protocol Amendment 37 (General Project Outline)
Attachmnent B: Rersnttv Chromaogans and Calibration Curves
Attachment C: Analytcal Method-ETS-8-044.1
Attachment D: Method Deviation
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GLPIO.G1..02; Interim Report 37
Analyis of PF8S, P1HS, and PFOS in Water Samples

Former SeW Jelfls Property - October 2012

13 SIgnatures

CWWleeton Ph.D., 3M Principal Analytical Investgator Date

Willam K Reagen, Ph.D., 3M Envionmental Laboratory Departrment Manager Date

Jaisirnha Kesar, Study Direictor Dt
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ATTACHMENT A: PROTOCOL AMENDMENT
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GLP1O-01-02; Inteuim Report 37
Analysis of PFBS, PFHS, and PFOS in Water Samples

Former Bert Jeffries Pmperty - October 2012

Analyical Protocol. GLPIO-01-02
Amendment 37

Study Title

Analysis of Perfluorooctane Sulfonate (PFOS), Perfluorohexane Sutfonate (PFHS) and
Perfluorobutane sulfonate (PFBS) in Groundwater, Soil and Sediment for the 3M

Decatur Phase 3 Site-Related Monitoring Program

PROTOCOL AMENDMENT NO. 37

Amendment Date:
November 1, 2012

Performing Laboratory
3M Environmental, Health, and Safety Operations

3M Environmental Laboratory
Building 260-5N-i17

Maplewood, MN 55144-1000

Laboratory Project Identification
GLP1 0-01-02-37

Sampling Event

Former Bert Jeffries Property
Groundwater and Surface Water Sampling

Page l of 6
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GLPIO-1-02;IiObu Report 37
Analysis of PFBS, PFHS. and PFOS 10l"lter Saiples

Fonnas Bert Jeffuies P1mpet- October 2012

Analytical Protocol: G*IPO-O1-02

An1~'dment 37

This amendment modifies the following portion of protocol:

"Analysis of PFOS, PFHS and PFBS in Groundwater, Soil and Sediment f~r 1he 3M
Decatur Phase 3 Site-Related Monitoring Program"

POOCOL READV

No changes to the wording of the protocol are required.

AMEND To READ:

No changes to the wording of the protocol are required. This amendment only addresses anii4ocuments
the addition of the General Project Outline (GPO) for the collection and analysis of groundwills samples
from Decatur, AL, and conducted as part of the 3M Decatur Phase 3 Program for PFOS, P and PFBS
(GLP10-01 -02). Sampling activities at and near the former Bert Jeffries property occurred ini QKober,
2012. Samples were collected from fourteen groundwater locations and six surface water colt ons.
Sample containers were provided for a seventh surface water location, but were not collectqdi i9 to lack
of water. Water samples collected under this sampling event were entered into the 3M Envkqii ntal
Laboratory LIMS as project GLP10-01 -02-37 and reported as interim report GLPI0-01 -02-3, 4 lecting
study GLP 10-01-02 and amendment -37).

Reason:

The reason for this amendment is to document the General Project Outline (GPO) which deA40es the
groundwater and surface water sample collection event conducted at and near the former Bllat~effries
property In Lawrence County, AL.

The GPO is three pages in length and included as attached to this amendment form.

Page 2 of 6
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GLPIO-0"2; nWeri Report 37
Analysis of PFBS, PFHS, and PFOS in Water Samples

Former Bert Jeffries Property - October 2012

Analytical Protocol. GLP10-01-02
Amendment 37

Amendment Approval

GayHoe ir,-posr ersettveDt

Cleston C. Lange, Prnipal Analytical Investigator Date

William Ffae E pns Environmental Lab Management Date

Jaisimha Kesani P.E.. DEE, Study Director (D l
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GIPIO-Ol -02; h"tl Report 37
Analysis of PFBS, PR-IS, and PFOS ki Maler Samples

Fanne Bert Jeifflies Pmupe"t4 Ochter 2012

Analytical Protocol. *4P1O-O1-O2
Andment 37

%WV Environmental Health & Safety Operations, Environmental LabogI~tory

General Project Outline

To: Gary Hohenstein, 3M EHS&Opn3

From: Susan Wolf, 3M EHS&Opns; Environmental Lab

cc: Wlihamr Reagen, 3M EHS&Opns;, Environmental Lab

Jai Kesar, Weston Solutions

Charles Young, Weston Solutions

Date: November 1, 2012

Subject: Analysis of Perfiuorooctane Sulfonate (PFOS), Perfluorohexane Sulfonate (PFl1$I and
Perfluorobutane sulfonate (PFBS) in Groundwater, Sail and Sediment for the 3M Pecatur
Phase 3 Site-Related Monitoring Program; GLP Interim Report 37 - Former Bett Joffties
Property; Groundwater and Surface Water - October 2012

I General Project Information

3111 Spon"o Representative
Gary Ilohenstein
3M EHS Operations
3M Building 224-SWV-03
Saint Paul, MN 55144-1000
Phone: (651) 737-3570

ohensteinI~mmm cor

3M Environmental Laboratory Mtanagement
Willamn K. Reagen
3M ENS Opns, Environmental Laboratory
26D-SN.17

Contacts 651 733-9739
wkreagengbmrin.oom
Principal Analytical Investigator
Cleston Lange
3M EHS Opns, Environmental Laboratory
260-SN-17
651 733-9860
colanaeftmmmtconi

Sampling Coordinator
Timothy Fnnak
Weston Solutions
'rimothv~frinsk@westonsolutions.com

____________________________________Phone: (334)-332-9123
Lab Request Number GLPIO-01-02-37

Six Digit Department Number Dept #530711, Project #0022674449

Project ScheduleTest Datesi October 2012

All verbal and written correspondence will be directed to Gary Hohenstein.

Page 4 of 6
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GLP1O--0"2; Interim Report 37
Analysis of PFBS, PFHS, and PFOS in Water Samples

Former Bert Jeffries Property - October 2012

Analytical Protocol., GLP1-01.-02
Amendment 37

2 Background Information and Project Objective(s)

The 3M EHS Operations Laboratory (3M Environmental Lab) will receive and analyze groundwater and
surface water samples collected at and near the former Bert Jeffnes property. Groundwater and surface
water samples will be collected by Weston. The 3M Environmental Laboratory will prepare the sample
bottles. Samples will be analyzed for Perfluorooctane Sulfonate (PFOS), Perfiuorohexane Sulfonate
(PFHS) and Perfluorobutane Sulfonate (PFBS). Analyses will be conducted under the GLP requirements
of EPA TSCA Good Laboratory Practice Standards 40 CFR 792.

The final report will be submitted to Gary Hohenstein and Jai Kesarii upon completion under interim report
GLP10-01-02-37.

3 Project Schedule

Sample collection bottles were prepared by the 3M Environmental Laboratory. Sample bottles were shipped in
coolers overnight to 3M Decatur

Martin Smith \ Weston Trailer
3M Decatur Plant
1400 State Docks Road
Decatur, Alabama 35601

4 Test Parameters

The targeted limit of quantitation will be 0.025 ng/mL (ppb) for PFBS, PFHS, and PFOS.
Surface water samples from four sampling locations (ETO2, ET03, ETO5, and WVTO1) and one trip blank
samples were collected by Weston Solutions personnel on 1011112 after a signifant rain event. Samples from
these four locations were collected in 1IL Nalgene bottles that field personnel had on hand. The 1IL botles were
left over containers provided by the 3M Environmental Laboratory for an earlier sampling event to be used for
the collection of a composite sample, and did not contain internal standard or surrogate recovery standard.
The trip blank sample was a 1 L Nalgene bottle partially filled with Mill-0 water. The I L bottle of Milli-Q water
was provided by the 3M Environmental Laboratory for the earlier sampling event to be used for the collection of
ninseate blank samples.
The 3M Environmental Laboratory prepared sample containers for fourteen groundtwater and three surface
water locations. For each sampling location, a total of three sample bottles were prepared (sample, sample
duplicate, and 2 ng/mL- field matrix spike). The "fill to here" line on each 250 ml- Nalgene bottle will be 200 mL
One set of trp blanks consisting of reagent-grade water and a 2 ng'mL- trip blank spike was prepared at the 3M
Environmental Laboratory and sent to the sampling location with the other botles. All sample bottles included
the addition of 18 OT-PFBS, '3C3-PFHS, arnd 13C.-PFOS, (internal standards) at a nominal concentration of I
nglrnL. All sample bottles will also include the addition of 13C4-PFOS (surrogate recovery standard) at a
nominal concentration of 0.1 nglmL.
To aid in sample collection, a non-spiked 1 -L Sample bottle was provided for each sampling location to be
used for collecting a composite sample, Aliquots will be decanted from the collection bottle to the
primary, duplicate and matrix spike bottles.

Table 1. Sampling Locations

Groundwater Locations: MWI R, MW3R, MW4R, MW4L-, MW5R, MW5L, MW81R, MVW6L, MW7R1, MW8R,
MWDR, MW 9L, MWI OR, and IMWI 1IL

Surface water Locations: ETOI, ETO2, ETO3, ETO4, ETOS, DCO1, and WTOI

Page 5 of 6
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GLPIO-01-02; ~npnReport 37
Analysis of PFBS, PFHS, and PFOS io tSapsFortner Bert Jeffries Property!E W~coe 2012

Analytical Protocok' (R#1-01-02
Arhe~ment 37

5 Test Methods

Samples will be prepared and analyzed by LCIMSJMS foloing ETS48-044.1 "Method of Analysis c e
Determination of Perfluorinated Compounds In Water by High Performance Liquid Chromatogapi4ss
Spectrometry Direct Injection Analysis". Alternately, samples may be analyzed by ETS 8-1 54.3 "Oe~ination
of Perfiuoninated Acids, Adcohols, Amides, and Sulfonates In Water By Solid Phase Extraction and 1-Wi
Performance Liquid Chromatographyilllass Spectrometry".

Where applicable, samples will be analyzed against an internal standard calibration curve. Each co', point will
contain isotopically-labeled PFBS, PR-IS, and PFCS at a nominal concentration of I nglML Te 04ratin
curve will be generated by taking the ratio of the standard peak area counts over the internal stand~speak
area counts to fit the data for each analyte.
For the four surface water locations (ETO2, ETO3, ETO5, and WTO1) collected in the I L bottles, an a ~ot of the
well-mixed sample will be removed and fortified with ' 802 PFS a3

2 PHad 1 C-FS(net~
standards) at a nominal concentration of 1 nglmL and 'C 4-PFOS (surrogate recovery standard) ati a ominal
concentration of 0. 1 ngfmL prior to sample analysis.

Laboratory control samples prepared with the samples must have an average recovery within 1 004 and a
RSD s2O%. The data quality objective for this study is quantitative results for the target analytes *4;n
analytical accuracy of 100±t30%/. Field matrix spikes not yieldig recoveries within 100*30% wAil bO 4ressed
i the report and the final accuracy statement may be adjusted accordingly.

6 Reporting Requirements

For each sampling location, the report wAil contain the results for the sample, sample duplicate, fleio N"trix
spike, and surrogate recovery standard. The trip blank and trip blank spike will be reported for the 0pIng
event. Laboratory control spikes of reagent water prepared at the time of sample extraction will aIloo
reported and used to evaluate the overall method accuracy and precision. Method blanks of reago~rA ater
prepared at the time of sample preparation will be used to determine the method detection Omit

Paege 6of 6
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GLP1O--0"2; Intnrkn Repast 37
Aniaiys of PFBS, PR-IS, and PFOS in Water Samples

Fonner Bert Jeifies PpRty - Octobe 2012

ATTACHMENT B: REPRESENTATIVE SAMPLE CHROMATOGRAMS AND
CALIBRATION CURVE(S)
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Method of Analysis for the Determination of Perfluorinated Compounds In, Water
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Method Number: ETS-8-044.1

Adoption Date: 4112J07,
Effective Date: i ~/

Approved By:
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1 Scope and Application

This method describes the direct injection analysis of perfluorinated compounds (PFCs) fromn
water matrices using high-performance liquid chromatography tandemn mass spectrometry
(HPLC/MS/MS). The method is generally applicable but niot limited to the measurement of
perfluoroalkyl sulfonamides and perfluorinated alkyl acids (PFAs) such as perfiuorosufoni
acids (PFSAs) and perfiuorocarboxylic acids (PFCAs) (Table 1). Water samples containing
heavy particulate may require preparation by an alternate method such as ETS-8-1 54
"Determination of Perfluorinated Acids, Alcohols, Amides, arnd Sulfonaes In Water By Solid
Phase Extraction and High Performance Liuid Chromatography/Mass Spectromely. The
method is, applicable to both external standard and internal standard calibration ~.

Table 1. Representative Target Analytes;

Chemical Abstract Servces
Acronym Analyfe Reglstry Number (CASRN)

PFBA (C4 Ai)Perfluorobutmnoic acid 375-22-4
PFPeA (C5 Acid) PeetfirpentanoiC acid 2706-)0-3
PFHxA (C6 Acid) Perfluorahexanoic acid 307-24-4
PFHpA (C7 Acid) Perfluoroheptanoic acid 375-&5"
PFOA (C8 Acid) Perfluorooctanoic acid 335-67-1
PFNA (C9 Acid) Perfluorononanoic acid 375-95-1
PFDA (CIO Acid) Perthiorodecanoic acid 335-76-2
PFUnA (ClII Acid) Perlluorniecanoic acid 2058-9"-
PFDoA (C12 Acid) PerfluorododeCanoic acid 307-5&-1
PFTrDA (C13 Acid) Perfluorobridecanoic acid 72629-94-8
PFBS (C4 Sulfonate) Perfluorobttanesufonhc acid 375-73-5
PFH-S (C6 Sulfonate) Perfluomhexanesufonic acid 355-46-
PFOS (CS Sultrnate) Peifluorooctanesuffonic acid 1763-23-1
FBSA (C4 Sulfoniamide Peiluorobutanesulfoniamide 30334-69-1
FOSA (C8 Sulfonamide) Pefluorooctanesullfonamide 754-91-6

The Minimumi Reporting Level (MRL) is the Limit of Quantitation (LOQ) that meets Data
Quality Objectives (OQOs) that are developed based on the intended use of this method.
Method Flexibility - This is a performance-based method and may be generally applied to the
determination of perflornated compounds in water matrices when analysis batch quality
control (OC) criteria are met2. Each set of samples are prepared in an analysis batch with
calibration standards, LCSs, blanks, and continuing calbration check standards analyzed on
the same instrunent during a time period that begins and ends with the analysis of the
appropriate continuing calibration check standards. The laboratory is permitted to modtify the
LC columin, mobile phase composition, LC conditions, and MS/MS conditions. Method
modfications should be considered to improve method performance or to meet data quality
objectives for the study. In all csswhiere method modfications are implemented, the batch

1The method is supported by validation with internal standard calibration for C4-C13 PFCAs, C4, C6, and CS PFSAs,
and C8 perfiucroalkane sulfonamide in laboratory control samples under 3M method validation El 1.0667.

Gu3idnce for establishing method QC Criteria based on a.) FDA May 2001, "Guidance for Industry, Bicenalytical
Method Validation", b.) EPA Method 537, and c.) European Commission: Guidance for Generating and Reporting
Methods of Analysis in Support of Pre-rqistration Data Requirements for Annex U (Part A- section 4) and Annex III
(Part Asection 5) of Directive 91/414, SANCO/3029/99 rev. 4 (11/07/00).

ETS-8-044.1 Page 2 of 22
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analytical QCs (section 9) must be completed and pass QC acceptance criteria (sectioni III if

the data from the anaytcal batch are to be reported.

2 Method Summary

WaWe samples are analyzed as neat aqueous sample or as solvent diluted aqueous saoW~e
by direct injedion u=Vn LCIMSIMS. Samples contaiing heavy particulate may not be
suitable for analysis by this method. Samples corntanng suspended particulate should 0*1
centrifuged or filtered prior to removing a sample aiquot or diluting wit solvet The WOWg
sample is mixed well prior to removing an aliquot or diluting, if necessary, with ASTM Tjfl*I
water, HPLC water, other suitable water, or solvent (methanol).
Quantitation is by stable isotope internal standard calibr-aon in laboratory reagent watet. il
perfluoinated compounds (PFCs) target analyt concentrations of perfiurosulffonic: aciot*
(PFSAs) and pefurcabxlc acids (PFCAs) are reported as anions and corrected 10
their salt or fre acid farmns. Alternatively, quantton may be performed by external
standard caibration.
This is a performance-based method. Method uncertainty for each target analyt is
determined flor each analytcal batch using multile laboratory control spikes at mnuffile,
concentrations. This method also requires that the precison and accuracy for each sarnig*
be determiined using field matrix spikes to verify that the method IS appicbl to each *tjle
matrix.
Calibrat standards flor PFUnA, PFDoA, PFTrDA, and FOSA have been found to be
unstable for more than 2 days in 100% water. Samples requiring analysis for these
compounds by this method should be diluted 1:1 with methanol and analyzedl against a
calibration curve prepared in 1:1 synithetic groundwatei-MeOH.

3 Definitions

3.1 Analysis Batch

A set of study samples that are prepared with calibration standards, Laboratory control
samples, and procedural blanks, and analyzed on the same instrument during a time ppIi~d
that begins and ends with the analysi of the appropriate coninuing calibration check
standards.

3.2 Analytical Sample

A portion of a laboratory sample prepared for analysis.

3.3 Calibration Standard
A solution prepared by spiking a known volume of te Working Standard (WS) into a
predetermined amount of ASIM Type 1, HPLC grade water, or other suitable water (iea
matrix water), and analyzed according to this method. Calibration standards are used to
calibrate the instrumnt response with respedt to analyte concentration.

3.4 Laboratory Duplicate Sample (LDS, or Lab Dup)

A laboratory duplicate sample is a separate aliquot of a sample taken in the analytical
Laboratory tha is analyzed separately with identical procedures. Analysis of LDSs conjdW
to that of the first aiquot give a measure of the precision associated with laboratory
procedures, but niot with sample collection, preservation, or storage procedures.

ETS-8-044.1 Poo 3of 22
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3.5 Field Blank (FB)iTrIp Blank (TB)
ASTMV Type 1, HPLC grade water, or other suitable water, placed in a sample container in the
Laboratory and treated as a sample in all respects, including exposure to sampling site
onditions, storage, preservation and all analytical procedures. The purpose of the TB is to

determine I test substances or other interferences are present in the field envronment. This
sample is also referred to as a Trip Blank.

3.6 Field Duplicate Sample (FDS, Field Dup)
A sample collected in duplicate at the same time from the same location as the sample. The
FDS is handled under identical circurmstances and teated exactly the same throughout field
and laboratory procedures. Analysis of the FDS compared to that of the fist sample gives a
measure of the precision associated with sample collection, preservation and storage, as wll
as with Laoratory procedures.

3.7 Field Matrix Spike (FMS)
A sample to which known quantities of the targe analytes, ISs and SRSs are added to the
sample bottle in the laboratory before the bottles are sent to the field for collection of aqueous
samples. A known, specific volume of sample must be added to the sample container
without rinsing. This may be accomplished by making a 'illto this lever line on the outside of
the sample contairw. The FMVS is analyzed to ascertain if any matrix effects, interferences,
or stability issues may complicate the interpretation of the sample analysis.

3.8 Trip Blank Matrix Spike (TBMS)
An aliquot of ASTMV Type 1, HPLC grade water, or other suitable water, to which known
quantities of the target analytes, ISs and SRSs are added in the laboratory prior to the
shipment of the collection bottles. The TBMVS is analyzed exactly Ike a study sample to help
determine If the method is in control and whether a loss of analyte or anaytil bias could be
attributed to sample holding time, sample storage and/or shipment issues. A low and high
TBMVIS are appropriate when expected sample concentrations are not known or may vary.

3.9 Internal Standard (IS)
A compound added to each study sample, calibration standard, laboratory control samples,
and procedural blanks at a consistent level (typically around 1 ng/mL). The iternal
standard(s) are stable isotope lable versions of the target anallytes. The area count ratio of
the target analyte to the internal standard is used for calibration. Surrogate ISs are applied
when stable isotope ISs of target anallytes are unavailable. A surrogate IS is niot necessarily
a stable isotope labeled version of the target analyte, but is treated as an internal standard for
quantitation.

3.10 Laboratory Control Sample (LCS)
An aliquot of control matrix to which known quantities of the target analytes, ISs and SRSs
(when applicable) are added in the laboratory at the time when samples are aliquotted. At
least three levels (two levels for SRSs) in triplicate are included, one generally at the low end
of the calibration curve and one near the mid range and the upper end of the curve. The
LCSs are analyzed exactly Ike a laboratory sample to determine whethe the stablity of the
standards. LCSs should be prepared each day samples are aliquoted.

3.11 Laboratory Matrix Spike (LMS)
A laboratory matrix spike is an aliuot of a sample to which known quantities of targt
analytes, ISs and SRSs (when applicable) are added in the laboratory. The LMVS is analyzed
exactly lice a laboratory sample to determine whether the sample matrix contributes bias to
the analytical results. The endogenous concentrations of the analytes in the sample matrix
must be determined in a separate aliquot and the measured values in the LMVS corrected for
these concentrations. LMVSs are optional for analysis of aqueous samples.

IETS-8-044.11 Page 4of 22
Method of Analysis for the Determination of Perfluoninated Compounds in Water by LCIMSIMS;

Direct Injection Analysis
Pape 113of 133



GLP1O-O1-02;4iriI Report 37
Analyss of PFBS, PR-IS, and PFOS Oltr Saples

Fanne Bedt Jeifrs Propet doe 2012

3.12 Laboratory Sample
A portion or aliquot of a sample received from the field for testing.

3.13 Limit of Quantitatlon (LOQ)
The lower liut of quantitation (LLOQ) for an analytical batch is the lowest concatr tcan be reliably quantitated within the specified limits of precision and accuracy. The LL0 is
generally selected as the lowest nonzero standard in the calibration curve that: metsr"OOd
acceptance criteria. The LLOQ for each target analyt is established for each analysis 41h
as the lowest calibration standard with area counits at least twice that of te average ar~s
counts of the procedural blanks.
The upper limit of quantitation (ULOQ) fobr an analytical batch is the highest concentratiqrfOWa
can be relWaby quantitated within the specified limit of precision and accuracy. The high*t
standard in the calibration curve that meet method acceptance criteria is defined as the
ULOQ.

3.14 Method/Procedural Blank
An aliquot of control mat that is treated exactly Ike a laboratory sample inclding expo$We
to all glassware. eqwpmewnt solvents, and reagents that are used with other laboratoiry,
samples. The method blmt is used to determine I test substances or other itererenc**e
present in the laboratory environrnent, the reagents, or the apparatus.

3.15 Sample
A sample is an aliquot removed from, a largeir quantity of material intended to represent 00h
original source material.

3.16 Stock Standard Solution (SSS)
A concentrated solution of a single-analyte prepared in the laboralory with an assayed
reference compound.

3.17 Surrogate Internal Standard
An IS that is not necessarily a stable isotopically labeled target analyte, but is treated as 40
internal standard for quantitation. Surrogate IS. are used when isotopically labeled
counterparts of the target anal*t are not commercially or readily available.

3.18 Surrogate Recovery Standard (SRS)
An isotopically Libeled standard, not used as an internal standard, that is addled to each
sample and appropriate 0C sample as a means to evaluate the method performance fOwO
chemical class of compounds (e.g., PFSAs, PFCAs).

3.19 Working Standard (WS)
A solution of several anialytes prepared in the laboratory from SSSs and diluted as nee4IO lo
prepare calibration standards and other required analyt solutions.

4 Warnings and Cautions

4.1 Health and Safety
The acute and cturnlc toxicity of the standards for this method have not been precisely
determined; however, each should be treated as a potential health hazard. The analys
should wear gloves, a lab coat and safety glasses to prevent exposure to chemicals th*
might be present

ETS--W.1 Pap5 of2
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The laboratory is responsile for maitaining a safe work environment and a current
awareness of local regulations regarding the handling of the chemicals used in this method.
A reference fie of material safety data sheets (MSDS) should be available to all personnel
involved in these analyses.

4.2 Cautions

The analyst must be familiar withi the laboratory equipment and potential hazards including,
but niot limited to, the use of solvent, pressurized gas and solvent lines, high voltage, and
vacuu~m systems. Refer to the appropriate equipment procedure or operator manual for
additional information and cautions.

5 Interferences

During sample preparation and analysis, major potential contaminant sources are reagents
and glassware. All materials used in the analyses shall be demonstrated to be free from
interferences under conditions of analysis by running method blanks.
Parts and supplies that contain Teflov@ should be avoided or minimized due to the possibility
of interference anid/or contamination. These may include, but are not limited to: wash bottles,
Tefio lined caps, autovial caps, HPLC parts, etc.
The use of disposable micropipettes or pipettes to aliquot standard solutions is recommended
to make calibration standards and matrix spikes.

6 Instrumentation, Supplies, and Materials

6.1 Instrumentation
Analytical balance capable of reading to 0.0001 g
HPLCIMS/MS or HPLCIMS system, as described in Section 10.

6.2 Supplies and Materials
Sample collection bottls--HDPE (e.g., Nalgene~m) wide-mouth bottles with screw cap.
Note: Do not use fluorinated or TefOn) bottles or lined caps.
Coolers or boxes for sample shipment.
1 5-mL and 50-mL disposable polypropylene centrifuge tubes.
Class A pipettes and volumetric flasks, various.
2 mL HPLC aulovials
Disposable pipettes, polypropylene or glass as appropriate
Centrifuge capable of spinning 15-mL and 50-mL polypropylene tubes at 3000 rpm.

7 Reagents and Standards

Note: Supplihers and catalog numbers are for illustrative purposes only. Equivalent
performance may be achieved using chemicals obtained from other supiers. Do not use a
lesser grade of chemical than those listed.

7.1 Chemicals
Water - Milli-Q, HPLC grade, or othe suitably appropriate sources
Calcium Acetate - A.C.S. Reagent Grade

ETS-8-044.1 Page 6 of 22
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Magnesium Acetate - A.C.S. Reagent Grade
Methanol - HPLC grade
Ammonium Acetate - A-C.S. Reagent Grade

7.2 Representative Target Analytes, ISs, and SRSs
PFBA, Heptaftorobutyric Acid, (C4 Peffluoriated Acid)
PFPeA, onfurptaocAcid (Cs Perlluorinated Acid)
PFHxA, Perfluorohexanoic Acid (C6, Pernluorinated Acid)
PFHpA, Tridecafluoroepani Acid, (C7 Perfluouinated Acid)
PFOA, Amrnoniiun pei fuorooctanote, (C@ Perfluoiinated Acid)
PFNA, Heptadecafoonanoic Acid, (C9 Perfluorinated Acid)
PFDA, Nonadecafluorodecanoic Acid (CIO Peiluoriniated Acid)

PFUnA, Perfluoroundecanoic Acid, (CiI Perftiunted Acid)
PFDoA Perfiucrododecanoic Acid, (C12 Perfiuoririated Acid)
PFTrDA,%M~kK Pe1oordcni ACid, (C13 PFlUorinc-tdAcid)

MBA, Perfluorobutanesulffnanmide
FOSA Perfiuooctanesufonytamdke
PFBS, Potassim Pefluorobulanakfioniate
PFHS, Perftiuoexanesulfonate

PFOS, Potassium
PFOA [1,2, 3, 4-13C], '3C4 isotopically labeled perfluorooctanoic acid (SRS)
PFOS [1,2,3, 4-13 13 C4isotcpically labeled Peiftuoooctanesuffonate (SRS)
PFunA [1,2-13%] 13C,,sotopically labele Perfiucivundecanoic acid (SRS)

Acustomn mbcoflISs ina methnic solution coinvungU1Z3,Y1C4PFBA, 1,2 -13,PFHxA, [1 2,3,4,5,6,7,8-1 COFPFOP, (1,2,3,4,5,6,7 8,9- C9J"NA, [1,2 - "CJFDA
(1,2,3,4,5,, I]PFUnA, [1,2- 3CJFDoA, [1,'2,3 -'"CPFHS, [1 ,2,3A4,5,6,7,- 1 CP#$

and [1.,3,4,5,6,7,-'C8 pFOSA (Weknjon Laboratories, Guelph, ON) in comIato
added ([1,2,3,4 ,5-'3C5PFPeA, ([12,3,4- C A- and [1 8QNPFBS can be used to re
a stiock IS solution. Alternatively, individual stable istope ISs can be used to prepare al uc
IS mbdve.

Other ISs can be applied.

7.3 Reagent Preparation
2 mM Amimoni acetate solution (Anaysis)-Weigh 0.3 g of Amimonum acetate and
dissolve in 2.0 L of reagent water.
Synthetic Groundwater (contanng 25 ppmn Ca and Mg) - Weigh 0.61 g of Calcium Acei
and 0.92 g of Magnesium Acetate and dissolve in 6.0 L of reagent water.
Note: Alternative volumes may be prepared as long as the ratios of the solven to solule rOw
are maintained.
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7.4 Stock Standard Solution (SSS) and Working Standard Solution
Preparation
The following standard preparation procedure serves as an example. Weighed amounts and
final volumes may be changed to suit the needs of a particular study. For example, pJL
volumes may be spiked into volumnetric flasks when diluting stock solutions to appropriate
levels.
100 ggmL target analyte SSSs-Weigh out 10 mg of analytical standard (corrected Ibr
percent sa1t% acid [ETS4O31) and pudgty) and dilute to 100 mL with methanol or oilher
suitable solvent, in a 100 mL volumetric flask. Transfer to a 125 mL WDPE bottle or oilie
suitable container. Prepare a separate solution for each analyte. Expiration dates and
storag conitions of stock solutions, should be assigned in accordance with laboratory
standard operating procedure. An example of purity and salt correction is given below for
PFOS.

salt correction factor = molecular weight of anion
molecular weight of salt

PFOS (K+ )salt correction factor = 0.9275
538

10 mg CaF 17503V with purity 90% = 8.35 mg COF17SO (10 mg5O.90 50.9275--8.35 mg)
10 pglmL (10,000 nglL) mixed working standard-Add 5.0 mL each of the 100 4igmL
SSSs to a 50 mL volumnetric flask and bring up to volumne with solvent
I liglmL (1,000 nglmL) mixed working standard-Add 0.5 mL of the 100 KglnL SSSs to a
50 mL volumetric flask and bring up to volume with solvent.
0.1 pglmL (100 nglmL) mixed standard-Add 0.05 mL of the 100 pg(mL SSSs to a 50OmL
volumetric flask and being up to volume with solvent.
Storage Condtions-Store all SSSs and workig standards in accordance with laboratory
standard operating procedure or in a refrigerator at 4*2C for a maximumi period of 6 months
from the date of preparation.

7.5 Calibration Standards
Calibration can be performed by IS or external calibration. Using t working standards
described above, prepare calibration solutions in ASTM Type I water, HPLC water, other
suitable water, or a mixture of solvent and water using the information in Table 2 as a
guideline. Note: Volumes of water or water/solvent mixtures and working standards may be
adjusted to meet the data quality objectives addressed in the general project outine.
Calibration levels other than those listed below can be prepared as needed.
For the quantitation of PFOA and PFOS, reference materials of certified mixed linear and
branched isomer are preferred. Alternately, reference materials of primaily linear isomers of
PFOA and/or PFOS may be used, howAever, when quantiitating withipredominantly linear
referencoe standards, additional LCS samples containing both linea and branched isomers of
PFOA and PFOS are required 3

7.5.1 Internal Standard (IS) and Surrogate Recovery Standard (SRS)
For IS calibration, stable isotope internal standards of each target analyte or appropriate
surrogate ISs should be spiked at the same level in all calibration standards. Once the
calibration standards have been prepared as stated above in Section 7.5, all calibration
standards are spiked with a separate internal standard spiking solution. Typically the

3 A ept snzoowizing an assesmot of the use of refamace standardis containing cartifed lierand branched isoo.s of
PFOA/PFOS can be foud in 3M rqvoe Ell-0560-
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Method of Analysis for the Determination of Perfluorinated Compounds in Water by LC/MS/MS;

Direct Injection Analysis
Pag 117 of 133



GLP1O-O1-02; I~,~ eot3
Analyss of PFBS, PFHS, and PFOS i r S mps

Fomne Bart JelfriesPmetv- der21

concentration of the fiternal stanrdaird is consistent with the internal standard concentai-
expected in the samples being prepared, usually 1 ng~mL. The concentration of the irdeanO
standard spiking solution is typically 2 pig/mL. A separate zero point or method blank is
typically prepared at the same timne as the calibration standards, using the same solutioni
used to prepare the stanrdards (ASTM Type I water, HPLC water, other suitable water, o *'
solvent/water mbctuie), and is spiked with the internal standard at the same concentratio'* p
the caibration curve, typically at 1 nglmL.
If the samples being anaizyed were pre-spiked with SRSs, the calibation curve peae
Section 7.5 is spiked with a separate SRS spilking solution. Typically, the sample btls
spiked with a SRS at 0.1 ng/mL. The final calibration curve must consist of at kes six
calilbation points after analysis. The following table provides an example of spike
concentrations and volumes used to achieve a multipoint extracted calIbration cw-ve with
internal standard and surrogate stanidard.
Table 1 lists recommended stable isotope internal standards for several PFSA and PFCA
tairget compounds. A custom mix of is hoicaylbeled target analytes in a methanoic
solution contain%([1 ,2,3,4-13C4JPFBA, [1,2 -1 CzJPFHxA, [1,2,3,4, 567 8-13CUPFOA,

~i,,3,,5,,7,,9-C~IPFNA, [1,2,3,4,5,6 -13C6PFDA, [1,2,3,4,5,6,7 -'1'67iFU.Aj1 ,2 -
3CJPFIoA [1,2,3-' CJPFHS, [1,2,3,4,5,6,7,8- 3CaJPFOS, and [1,2,3,4,5,6,7 8- C.JFQMA

(Wellington Laboratories, Guelph, ON) in combination with added ([1,2,3,4,5- :1CsJPFPeA,
([1 ,2,3,4-13C4]PFHpA. and [1 9 .)jqPFB can be used to prepare a stock IS solution.
Alternative sources of certified stable isotope labeled target analytes are applicable.
Alternatively, indivikda stable isotope ISs can be used to prepare a stock IS mixture. Tihe,
table below lists the recommended stable isotope ISs and SRSs applied in the method.
Other stable isotope ISs and SRSs of target analytes not listed in the table may be used i"
sup~ported by valation and/or analysis batch QCs meeting method acceptance citria e.
['3CJ-PFOA). The same internal standard should be used for a given analyte toh I~
entire projct/study. Note: some of toe compounds isted below are appropriate to use *
surrogate ISs when a stable isotope IS of a target analyte is not available. Generally,
surrogate isotopically labeled PFCAs are used for PFCAs, and surrogate istopically lbe
PFSAs are used for PFSAs.
Table 2 provides examples of spike concentrations and volumes used to achieve a mu*po*
calibration curve with ISs and SRSs.
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Table 1. Stable Isotope PFCAs and PFSAs used for ISs and SRSs

Compoundamwe Syneny or Acrenym Anm c aw- Reernc Sanar

13C4-Peifluorobutanoic acid [1,2,3A4YCdPFBA LS for PFBA WdhlngtonLab.
______ ______(Mix -r Indvid-al

13C-ifleoeani acid [1,2,3,4,5-UCsjPFPL-A IS for PFPeA Wllifgton Labs
(Mix o- Individua

13Crperfluordoexanoic acid [1,2 UpC&Fjx IS. fi F Wellngton Lab.
_____________(Mix or Individual

1C4mluohpan acid [1,2.3.4-UC4PFHpA IS for- PFHpA Welingto Lab.
______________(Mix or Indvida

13C,-pedhfluroociaamxc acid [1,2,3,4,5,6,7,8SYC.]PFA S for PFOA aid [1.23.4 Welingto Labs
___________ C&JFOA (Mix .rIdviu

UCroNeonanoacid* [1.2.3,4.5,6,7.S,9-uC.1FMA IS fior PFNA Wellington tabs

13C6-perfluorodecjaic acid [1.2,3.4,.6 -uC.]PFDA IS for PFDA Wellingto Labs
_____________ Mix or Inividua)

13 C7-Pedluoroundecanoac acid [1.2.3,45,6,7 -AC7JPFnA IS fomr PFEnA Wlhngton ab.
_____________(Mix or IndM&iiu)

13C -Perfluoodode=a=n acid [1.2 -13CdJPFDoA s fomr PFDoA, *PFTA Wellingo Lab.
(Mix or Individual)

'102 Ammonit urn flumbutane inifonte [' 1O2JPFBS ISf PB Rfl International
______________(Individm4l

' 3C3-Anomaiurn PeRfodieane =ulft [1,2.3-' 3CVJH IS for PFHS Wellinton Lab.
_____________ Mix or InfividAw)

'3C-Soditum Periluoootane aulfogute [1.2,34567'CPFCOS IS for PFOS and Wellington Lab.
______________PFOS[1,2,3.4 ' 3C4], (Mix orIdviul

Wellinon Lab. (-ix)
13~~ilaocanslonrie[l.,Z3A45,6,7,SY1CJFOSA IS fomr FOSA Rfl Internatioal

_ _ _ _ _ _ _ anviduap
13 CP~rffl acid [1.2,3,4-3CdPFOA SRS for all PFCAs: C4-CS Walington

"Crefluorovedecancic aci [1.2 .UC22PF~nA SRS for all PFCAs C9-C13 Wellington

13 sulfonate [1,2,3 4-C 4JPFOS SR o l F~:C, Wedngton
__________________ _____________C6. and C8
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8 Sample Collection and Bottle Preparation

Sample collection bottles are prepared by 3M Environmental Laboratory (or subcontract supplier) persornnel for
shipment at ambient temperature to the collection site. Typically, four separate collection bottles are
associated with a single collection site: sample, field duplicate sample, low field matrix spike, and high field
matrix spike. Alternatively, the sample and field duplicate sample may contain SRSs in lieu of additional target
analyte low field matrix spike and target analyte high field matrix spike samples. Depending on the scope of
fth project, additional replicates of the field sample and field matrix spikes may be added. Also, it is not

uncommon for additional mid-level field matrix spikes to be collected if the expected sample concentrations are
truly unknown or could span a large concentration range.
High-dlensity polyethylene (HDPE) wide-mouth Nalgene bottles are used for the sample collection containers.
(Volumes of the bottles may vary depending on how much sample is required to meet data quality objectives.)
Sample collection volumes are project specific and based on data quality objectives. The Nalgene bottles do
niot require any pretreatment prior to use. Typically, placemnent of a sample bottle volumetric *fl to here line is
done by using a sample bottle marker template. Alternatively, bottles may be weighed prior to bottle
preparation and weighed again after samples have been collected.
All bottles should be clearly labeled to indicate its intended use as a sample, field sample duplicate, low field
matrix spice, high field matrix spike, samplefSRS field matrix spice, field duplicate samnple(SRS field matrix
spike, trip blank, or trip blank matrix spice. If each location has different designated spike levels, the label
should also clearly indicate the sample location designation. Generally, a set of bottles for a given collection
site are prepared then grouped together in plastic bags for organizaonal purposes. For each sample
collection event at least one set of trip blank and trip blank matrix spices are prepared.
Bottle preparation shold be documented in a Note to Fie or on a sample preparation worksheet and should
include the following information: date prepared, total number of bottles prepared, number of sample sites, the
standard identification numbers and spike volumes used to prepare spiced bottles, the *fill to here" volume, and
any other pertinent information needed for reconstructibility of the data. The Note to Fie will be included in the
fial data package for the projecL
Samples are collected in the field and shipped to the laboratory at ambient temperature.

8.1 Field Matrix Spike Sample (FMS)
Field matrix spike samples are a requirement of the method. A FMS sample is defined as a QC sample to
which known quantities of appropriate target analytes are added to the sample bottle in the field or in the
laboratory before the bottles are sent to the field. The sample and field duplicate sample may contain
appropriate SRSs in Nieu of target analyte FMS samples. Sample quantities are determined volumetrically or
gravimetrically. A known, specific volume or weight of sample is added to the sample contane wftou
rinsing. Volumetric sample measurements may be acquired by a laboratory applied "fill to this lever line on the
outside of the sample container. Target analyte FMS samples should be spiked at approximately 0.5-10 times
the expected analyte concentration in the sample. If the expected range of analyte concentrations is unknown,
mltiple spikes at varying levels may be prepared to increase the likelhood that a spice at an appropriate level
is made. Typically a low and a high target analyte spice are prepared for each sampling location. In those
instances where SRSs are to be used in lieu of target anal*t FMVS samples, the sample and field duplicate
sample are spiked at approximately 2-5 times the target LOQ. The FMIS is analyzed to ascertain Nf matrix
effects or sample holding time contributes bia to the analytical results. For the sample bottles designated for
matrix spices, an appropriate volume of matrix spicing solution is added to the empty bottle prior to sampling.
The volume of spice solution added shold produce the desired final concentration of target analytes once the
bottle is filed with sample to the "fill to here line". The matrix spicing solution(s) should be prepared in a
suitable solvent and contain aMl of the appropriate target analytes, ISs, and SRSs. The target analyte matrix
spiking solution is often the same as the working standards used to create the calibration standards. An
example of a bottle spice is given below.
*Fill to here" volume = 200 mL (A 250 mL Nalgene bottle is used)
Desired Field Spike Concentration = 0.25 ng~mL
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500 il- of a 0. 1 pig/mL spicing solution (containing the target analyte) is added to the bottle 04c the bottle cap
promply sealed.

8.2 Internal Standard and Surrogate Recovery Standard
If analysis of a surrogate recovery standard (SRS) is included in the project objectives,' an aj~ra volurne
of a surrogate standard solution is added to all the bottles prior to sampling and SPE. TycUaml botties
are spiced with surrogate recovery standards at a final desired spice concentation of 0. 1 n@

If quantitation by internal standard (IS) is included in the project objective, an appropriate volym~o of internal
standad solution is added to all the bottles prior to sarmplig and SPE. Typically sample bo"t4 are spiced
with Internal standard at a final desired spice concentration ofI ng~mLI

For the trip blank, the SIRS spice and IS spice is added to the bottle and then ASTM Type I (HPLC grade
reagent water or other suitable water may used) is added to the *f to here line. The bottle ispe and
sealing tape may be placed around the outer edge of the cap. Trip blank matrix spices wre 4r*edby adding
the appropriate volume of target analyte spicing soltionm, IS, and SIRS spicing solutions and f ~the bottle to
the desired volume with the appropriate water and capping and sealing the cap.

9 Quality Control and Data Quality Objectives

9.1 Data Quality Objectives
This method and required qualiy control samples is designed to genrate data accurfate to with a
targeted LOQ of 0.025 ngfnl- Any deviations from the quality control measures spelled ottlb*aw wil be
documented in the raw data and fotoed in the final report.

9.2 Method/Procedural Blanks
The etcprcdmlblank is zeo point calibration standard (which includies ISs) antz~a regular basis
with each analysis batch. Ata minimum, method blanks are analyzed prior to insrumenrt ctn, prior to
the analysis of CCV samples, after every 10 sample injections, and at the end of the aayia
The mean area count or area ratios when using interal stanidard calibration, for each nlq the method
blans must be less than 50% of the area count counts or araratios when usfig intena calibration,
of the LOQ standard. The standard deviation of the area counts, or area ratios whenusfig standard
calibration, of theuse method blanks should be calculated. A specific %RSD acceptance niot specified
but is assessed on an analytical batch basis. If the mean area counts or area ratios when internal
standard calibration, of the method blankcs exceed 50% of the LOQ standard, the the LOQ be raised to
the first standard level in the curve that meets criteria. Method blanks may be elinminatied if
justification can be provided (e.g. the procedural blank was analyzed after an unexpectedly lvlsample).
If any procedural blanks are removed from the LOQ determiniation, document in the raw datO report as
appropriate. Laboratory Sample Replicates / lField Duplicate Sample
Typically, samples wre colected in duplicates in the field. The relative percent differeance (KM) of dupiicate
samples should be --;M% for the precision of sample preparation and analysis to be cni4 in control.
Replicate samples not meeting the !20% RtPD criteria are flagged and reported as outside i*f ~acceptance
crteria.

9.3 Laboratory Matrix Spikes (LMSs)
LMSs may be performed in lieu of FMSs it FMSs; have previously been performed for the sanoe matrix.
Additionally, LMSs may be performed in lieu of FMSs for a sample mati if the FMVS lees not
appropriate for determining spice recoveries relatie to endogenous levels of taget aniyte"~ appropriate
SRSs. Generally, each sample location represents a diffeirent sample and sample matix arMse prepared
for each sample and analyzed to determine the matrix effect on spice recovery efficiencpy of target anal*t
and appropriate SRSs. LMSs should be prepared at a minimumi of one level and in I~M

cocRAtions should be prepared at approxinmately 0.5-10 timies the endogenous -iIor
approximately 4-10 times the LOQ concentration of each target analyte.
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Lab matrix spike recoveries should fall within ± 30% of expected values. Sample data with LMS recovery
outside of ±30% but within ±50% of the expected value are flagged and reported as outside of 00 acceptance
crieia. Data with LMS recovery outside of ±50% of the expected value are reported as NR, where NR is
defined as "Not Reportable data outside of 00 acceptance criteria.

9.4 Lab Control Sample
Lab control spikes are prepared for each analysis batch to determine method accuracy and precision. LOSs
should be prepared at three levels in triplicaite for each target analyte and at a minimium of two levels in
triplicate for appropriate SRSs. Low lab control spikes should be prepared at a concentration in the range of
approximately four to ten timnes higher than the targeted lower LOO, the mid lab control spikes should be
prepared at a concentation near the mid-point of the calibration curve and the high lab control spikes at
approximately 80% of the upper LOQ. For each target analyte and SRSs, the percent relative standard
deviation (method precision) for each conro spike level must be less than or equal to 20% and the average
recover (method accuracy) for each control spike level must be 80-120%. Sample data for target analytes
outside of the laboratory control spike acceptance criteria will be handled as follows:
If the average recovery of a spiking level falls outside method acceptance, but at least 67% (6 out of 9) of LCS
samples are within 20% of their respective nominal value (33% of the QC samples, not all replicates at the
same concentration, may be outside 20% of nominal value), the average recovery will be flagged as outside
method acceptance criteria. AJl LCS samples will be control charted as per ETS--2. If the average
recovery of one of the spiking levels exceeded the analytical method uncertaint as determined by ETS-12-
012, that analytical batch uncertainty will be expanded for that particular study.

If more than 67% of the LOS samples fail to meet method acceptance criteria, the data will not be reported.
Calibration standards consisting of mixed branched and linear isomer PFOSIPFOA are preferred. However,
for PFOSIPFOA target analytes, I the calibration standards are comprised of predominantly linear isomers
only, at least one level of triplicate LOSs should be prepared using PFOSIPFOA whiich contains a mix of linear
and branched isomers. These LOSS will be used to demonstrate quantitative equivalency (or quantitative bias)
of the isomeric mbc when using a predominantly linear standard for calibration. The mixed linear and branched
isomer PFOSIPFOA LOSS recoveries should fall within ± 30% of expected values. AMtematively, in lieu of
mixed branched and linear isomner PFOSIPFOA LOSs, mixed branched and linear ionmer PFOSJPFOA
TBMSs may be applied to demonstrate method accuracy and precision.

9.5 Field Matrix Spikes (FMSs) I Surrogate Recovery Standards (SRSs)
FMSs; are prepared for each sampling location and analyzed to determine the matrix effect and sample holding
time on the spike recovery of each target: analyte andfor appropriate SRS. Generally, each sample location
represents a different sample and sample matrix.
FMSs are 00 samples to which knowni quantities of appropriate target analytes are added to the sample bottle
in the laboratory before the bottles are sent to the field. Typically a low and a high target analyte FMVS are
prepared for each sampling location. The sample and field duplicate sample may contain appropriate SRSs in
lieu of target analyte low field matrix spike and target analyte high field matrix spike samples.
Field matrix spike method acceptance criteria are recoveries within ±30% of the expected value. If FMVS
recovery (target analyte or SRS spike) is outside of t30 of the expected value or could not be assessed
because the FMVS (target analyte) was spiked at an inappropriate level, the sample result is reported as follows:
1.) If target anallyte FMVS recovery could not be assessed because the FMS's were at an inappropriate level,
then Laboratory Matrix Spikes (LMS) may be substituted. If LMS recoveries are within ±30% the data are
reportabl and flagged to indicate that the FMVS spikes lees were inappropriate.
2.) If multiple target analyte FMS's were prepared on a sample and the closest FMVS level to the reported
sample meets the ±30% acceptance criteria but additional FMSs are outside the ±30% acceptance range, the
data are reportable and flagged to indicate that while there were failing FMS's, the uncertainty will niot be
expanded since the most approprite spike level passed.
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3.) If the target analyte FMS recoveries are outside of the *30% acceptance range but at li$0acpal
historical reportable FMVS sample resuilts are available, the data may be reported butfage anxpdd
uncertainty and as not meeting FMS criteria.
4.) Sample data with FMS recovery outside of ±30% but within *50% of the expected value *iagged and
reported as outside of QC acceptance criteria with an expanded uncertainty.
5.) If FMVS recovery is outside of ±50%, the sample result is reported as NR, where NR is de*d as "Not
Reportable" due to nonoompliant OC results.
The targeted fortification levels should be at least 50% of the endogenous level and less tha*0 times the

endognouslevel to be used without justcation to determie the statement of accuracy for $*bcal results.

Note: It is possible for bottles tilied for Field Matrix Spike samples to be unider-filed or over-l*d duiring
sample collection. Since this scenario will effect the actual concentration of the FMS s~amplO (Arogate and
internal standard concentrations; will also be effected, if used), it is important that any ovu~erfing or
over-4fiig of sample bottles be documented in the data package and taken into accotunt in tMS, ISs, or
SRSs recovery calculations. Samples over-filled or under-filied by more than 10% wil be rer~recalculation
of the FMVS, ISs, and SRS true values.
The average of the sample and the field duplicate should be used to calculate the recovery.

10 Procedures

10.1 Water Sample Preparation
This method is applicable to water samples. Samples containing heavy particulate may not 00 Ouitble for
analsi by this method. Samples conitaiining suspended particulate should be centrifuge prO* remnoving a
sample aliquot or filtered.

*Thoroughly mix sample before removing an aliquot and placing in a labeled autovial.

* Dilute sample, if necessary, with ASTM Type I water, HPLC water, other suitable wa*Or solvent
(methanol).

* Lab control spikes wre prepared for each analysis batch to determine method acwz~dprecision.
LOSs should be prepared at tee levels in triplicate for each target analyt and at a hhurn 7of tw
levels in tipficate for appropriate SRSs. Low lab control spikes should be prepre Vt~octrtoin the range of approximnately four to ten times higher than the targeted lowr 100, ti id lab contlrol
spikes should be prepared at a concentation near the mid-poit of the calibratnc*$d the high
lab control spikes at approydmately 80% of the upper L00. For IS quantitation, stal~ internal
standards of each target analyte or appropriate surrogate ISs should be spiked at thasth
samples being analyzed, in all LCSs.

0 If LCSs are being prepared using synthetic groundwater, allow the LCSs samples to 40brzile for a
minruan of 4 hours before aiquoting for analysis or diluting with solvent (methaniol).

11 Sample Analysis - LC/MSIMS

11.1 Instrument Setup

Note: In this example, an Applied Biosystemrs Sciex API 4000 (API 5000 or API 5500) Tx Mass
Spectrometer (LC/MS/MS) is used. Othe brands/models of LIMSIMS instrumnts as Psinle
quadrupole mass spectrometers (LCIMS) may be used as long as the method aepnc r4I~a wre met
Brand names, suppliers, part numbers, and models wre for ilustrative purposes only. Ei peformnance
may be achieved using apparatus and materials other than tos specified here, but &eor .o Of
equivalent performance that meets the requirements of this method is the responsibility of ttVi* rtoy The
opeao must optimize and document the equipment and settings used.
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Establish the LC/MS/MS system and operating conditions equivalent to the following:
Mass Spec: Apled Blosystems API 4000, API 5000, or API 5500
[on Source: Turbo Ion Spray (ABS)
Mode: Electrospray Negatv
Scan Type: MIRM (Multiple Reaction Monitoring)
Computer: Del DHM
Software: Windows 2000 or Windows XP, Analys 1.4.2 or higher versions
HPLC: Agilent Series 1100,1200, or 1290
Agilent Quaternary Pump
Agilent Vacuum Degasser
Agfient Autosampler

Agilent Columnn Oven
Note: One or more C18HPLC analytical columns (2.1 mmxl100 mm, 5limor 2. mm x50 mm, Sjim) may be
attached on-line after the purge valve and before the sample injection port to retard and separate any residue
contaminants that may be in the mobile phase and/or HPLC system.

HPLC Column: Betasil C18, 4.6mm x 100mm, 5pm (ThermoElectroni Corporation)
Column Temperature: 35C
INjection Volume: 5iJL

Mobile Phase (A): 2mM AmTmonium Acetate in ASTM Type I water (See 7.3)
Mobile Phase (B): Methanol

Table 3. Liquid Chromatography Gradient Program.

Stow Total Time Flew Rate Peircent A Percent B
Number (min) (jLk"Ilf) (2 mM ammenium (Mleffanl)

0 0 750 97.0 3.0
1 2.0 750 97.0 3.0
2 14.5 750 5.0 95.0
3 15.5 750 5.0 95.0
4 16.5 750 97.0 3.0
5 20.0 750 97.0 3-0

Note: Other HPLC gradients may be used as kong as the method criteria and project data quality objectives are
met.
Nt may be necessary to adjust the HPLC gradient in arder to optimze instrument performance. Columns with
different dirriensions, (e.g. 2. 1mm x 30mm) and columns from different manufacturers (Keystone Betasill CI 8
etc.) may be used.
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Table 4 Suggested MRM Transitions for Target Analytes, Surrogates, and InternW Otandards

Amal*eD--c4W-e MOSS Transion Mans T~aNSiiigs
____________ ___________ 1 (awn) 3ON

PFBA (C4 Acid) Target 213 169

PIPcA (C5 Acid) Target 263 219

PFHxA (C6 Acid) Target 313 269,119

PFHpA (C7 Acid) Target 363 319. 169
PFOA (CS Acid) Target 413 3929 !

PFNA (C9 Acid) Target 463_419,169,21

PFDA (CIO Acid) Target 513 469,269,21i
PFUnA (CII Acid) Target 5635126,1

PFDoA (C12 Acid) Target 613 59193

PFTA (C13 Acid) Target 663 1301td
FBSA (C4 Su*-maide) Targe 29868

FOSA (CS Sulfimanude) Target 498 78

PFBS (C4 Suibmate) Target 299 99,80

PFHS (C6 Sulfanate) Target 399 99.80

PFOS (C8loaft) Target 499 80,99.130

[1.2.3.4 -uCdPFBA LS fwPFBA 217 In2
[1.2.3.4,5 -PCs]PFPeA IS for PFPeA 268 223

[1.2 -PC2]PFHxA LS fw PFHxA 315 270

[1.2.3.4- '3CsIPF~pA LS far PFHPA 367 322

[1.2.3.4.5.6.7.8- 3 C&JFOA IS fix PFOA 421 376

[1.2.3A45.6.7.8.9-OC,1PFNA LS fiw PFNA 472 427
[1.2.3.4.5.6 -j"C4JPFDA NS fix PFDA 519 474

[1.2,3.4.5.6.7 -"C.7JPR~nA Ls fir PFUnA 570 525

[1.2 -1 1C2 PFDokA LS fiwPFDaA and PFTA 615 570

[uO2JPFBS IS fior PFBS 303 84

F1.2.3-OCjINMH IS forPFHS 402 so

[1.2.3.4- UC41PF06 IS fir PFOS 503 so

[1.2.3.45.6.7.3-LC1FOSA LS fir FOSA 507 so

[1.2.3.4-OC41PFOA Smozaate (C4-CS Acids) 417 372

[1.2.3.4- U(J3'S waaeSufuam FOSA) 503 80

[1.2 -PC2 ]PFnA Sunegaft (C3Acids) 565 520

Multiple transilions for monitoring the analytes is an option. The use o one daughter ion is i data
sensitivity arid selectivity is achieved and provided that retention time criteri are met toamd
speciiciy. Whie the daughter ions may be chosen at the discretion of the analyst, mass taon99 is
suggested for PFOS. Quantitation may be performed usig the total ion chromaogan M , #summed
MRMs) for a given analyte. For eawnple, the PFOA TIC wuld sum all tree of the monilor* anifri. Use
of the suggested priay ion is recommendied. Retention times may vary slightly, on a dy0*basis,
dependig on the batch of mobile phae and the gradient column, guard column(s) used ebo. f in retention
times is acceptable withi an analytical run, as long as the drift continiues through the enre $ iadth
standards are iterspersed throughout the analytal run.

11.2 Calibration Curve

Quanitation is by iternal standard or external stanidard calibration. Calibration sta-nd ard f ~ prpare PM-i
ASTM Type 1, HPLC water, other suitable water, or a solvent/water mixture. If iternal mta ncsq calibration
does not meet calibration acceptance criteria, external calibration can be applied. See TablO I For
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recommended application of available internal standards. Quaititation of PFOA and PFOS is by summed
analyte-specific mass transitions.
Analyze the standard curve prio to each set of samples. If internal standards were added to the calibration
standards area ratios are used to generate the calibration Curve. The standard curve may be plotted using a
linear regression (y = mx + b), weighted 1/x or unweghted, or by quadratic fit (y = a? + bx + c), weighted lIN or
unweighted, using suitable software. The mathematical method used to calculate the calibration curve should
be applied consistently throughout a study. Any change should be thoroughly documented in the raw data.
High and/or low points may be excluded from the calibration curves to provide a better fit over the range
appropriate to the data or because they did not meet the pre-determined acceptance criteria. Low-level curve
points should also be excluded if their area counts (or area ratio if uantitating by IS) are not at least twice that
of the average area counts (or area ratio if quantitating by IS) of method and/or solvent blanks. The coefficient
of determination (r') value for the calibration curve must be greater than or equal to 0.990 (or a correlation
coefficient (r) of 0.995). Each point in the curve must be within ±25% of the theoretical concentration with the
exception of the LLOQ, which may be within ±30%. Justification for exclusion of calibration curve points will be
noted in the raw data. A minimumi of 6 points will be used to construct the calibration curve.
If the calbration curve does not meet acceptance criteria, perform routine maintenance or prepare a new
standard curve (if necessary) and reanalyz.

11.3 Continuing Calibration Verification (CCV)
Continuing calibraton verifications (CCV) are analyed to verify the accuracy of the calibration curve. Analyze
a mid-range calibration standard, one of the same standards used to construct the calibraton curve, at a
minmurn after every tenth sample, niot including solvent blanks, with a minimum of one per sample set
Calibration verification injections must be within ±25% to be considered acceptable. The calibration curve and
the last passing CCV will then bracket acceptable samples. Multiple CCV levels may be used. Samples must
be bracketed by passing CCVs or the calibration curve and a passing CCV to be reportable.

11.4 System Suitability
A minimumn of three system suitbility samples should be injected at the beginnng of each analytical run, prior
to the analysis of the calibration curve. Typically these samples are at a concentration nar the mid-level of the
calibration curve and are repeated injections from one autosampler vial. It is suggested that the system
suitability injections have area counts or area ratis when usin internal standard calibration, with a target RSD
of 55% and a target retention time RSD of s2%. There is no defined acceptability limit on these results as the
%RSD value is dependent on the number of MRMV transitions being monitored in te LCIMS/MS run or time
period. Ultimately, any effects on these parameters for the System Suitability samples will also be evident on
all standards and QC samples analyzed aspart of the analysis batch. Any effect of system suitability is
incorporated within QC acceptance criteria.

11.5 Sample Analysis and QCs
For each analysis batch, the instrument analysis run sequence should include an initial calibration curve,
samples, FOSs, interspersed blanks, interspersed CCVs, appropriate QCs (i.e., LCSs, LMSs, FMSs, TBMSs,
and TBs), and a final CCV or calibration curve bracketing samples and appropriate QCs
Inject the same volume (between 5 - I OpI) of each standard, analytical sample and blank inito the instrument
(unless an on-instrument sample dilution is desired).
Samples containing analytes that are quantitated above the concentation of the highest standard in the curve
should be furthe diluted and reanalyzed.

43M EnvirameaWlLabmtty study EOB-009 evaluatd the effet ani thee resuls ss a functon of the unm of NMflh being momeed
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12 Data Analysis and Calculations

The chromatography analysis software will typically calculate the amount of target anallyte in #*1sample
extracts using the estab~sed calibration curve.
Calculate the percent recovery of the LCS usaig the following equation:

LCS Concentration ( 'g )
LCS%recovty= MiL *1000/

Spike Concentration(-g)

Calculate the percent recovery of the LMS using the following equation:

LMS Concentration (M Cownceaion of Sample ( Fg)
jJM5 % revr ml-(n ml- .100%

p*e Concentatioml

For samples forViie with known amounts of analyte prior to extraction, use the following eq4n to calculate
the percent recovery.

Recver =Total analyte found (nglmL) - Average analyte found in sample (ng/mL) XO
RecovetyAnatyteadded (ngmL)10

13 Analysis Batch Method Performance Criteria

Any method performnance parameters that are niot achieved must be considered in the eva4 of the data.
Nonconfoirmance Io any specified parameters must be described and discussed in the Iinal ~*tih
Technical Manager (non-GLP study) or Study Diector (GLP study) chooses to report the dat*I
ff criteria listed in this method performance section wre not met. mainteniance may be pefn on the systemn
and samples reanalyzed, or other actions taken as appropriate. Document all actions in t r$ data.
if data are Io be reported when performance criteria have not been met, the data must be fpI*don tables
and discussed in the text of the report

13.1 System Suitability - Analysis Batch
A minimumn of three system suitablity samples should be injected at the beginning of each 4u*bcal run.
These samples are run prior to the calibration curve. It is suggested that the system = Jta =t~cOns have
area counts with a target RSD of 95% and a target reterition time RSD of:Q%. There is no id
acceptability limit on these results as the %RSDs are dependent on the number of MRM tosbeing
monitored in the LCIMSIMS run or time period. Any effect of system suitabity is incorprat * th0C

-cetac crteria.
13.2 Calibration and Limit of Quantitatlon (LOO) - Analysis Batch

Calibration Curve: The coefficient of determination (r2) value for the calibration cu= mustibsjguater than or
equal to 0.990 corresponding to a correlation coefficient (r) = 0.995. Each point in the w I"st be within
±25% of the theoretical concentration with the exception of the LLOQ, which may be within 0%

CCV Perfonnance: The calibration standards that are interspersed throughout the anaiytiqO euec are
evaluated as continuing caliration verifications in addition to beng part of the calkration -i, The accuracy
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of each curve point must be within 25% of the theoretical value (within 30% for lowest curve point). Samples
that are bracketed by CCVs niot meeting these criteria must be reanalyzed.
Umits of Quantitation (LOQ): The lowr LOQ (LLOQ) is the lowest non-zer active standard in the
calibraton curve;, the peak area of the LLOQ must be at least 2X that of the average area counts for aMl
prepared procedural blank(s). By definition, the measured value of the LLOQ must be within 30% of the
theoretical value.
Demonstiration of Specifcity: Specificity is demonstrated by chromatographic retention time (withn 4% of
standard) and the mass spectral response of unique ions.

13.3 Blanks - Method/Procedural Blanks and Trip
MethodfProcedural Blanks: Multiple procedural blanks should be interspersed throughout the analysis batch
and the analytical sequence. At a minimum, method blanks are analyzed prior to instrument calibration, prior
to the analysis of CCV samples, after every 10 sample injectis, and at the end of the analytical run.
The mean area counts (or area iratios when using IS calibration) for each analyte must be less than 50% of the
area count of the LOQ standard. If the area counts of the procedural blanks exceed 50% of the LOQ standlard,
then the LOQ must be raised to the fis standard level that meets criteria.
Trip Blank: A trip blank of ASTMV Type I water (or lab equivalent) is prepared in a sample container in the
laboratory and treated as a sample, including exposure to shipping, sampling site conditions, storage,
preseration and all analytical procedures. The trip blanks results for each analyte are included with the
reported sample results.

13.4 Data Accuracy and Precision - Analysis Batch
Lab Control Spikes: The average recovery at each L-CS; level for each target analyte and appropriate SIRS
should be within 80-120% and the percent relative standlard deviation of the recoveries must be less than or
equal to 20%. If the average recovery of a spiking level fails outside method acceptance, but at least 67% (6
out of 9) of LCS samples are within 20% of their respective nominal value (33% of the QC samiples, not all
replicates at the same concentration, may be outside 20% of nominal value), the average recovery will be
flagged as outside method acceptance criteria. All LOS samples wil be control charted as per ETS-12-012. If
the average recovery of one of the spiking levels exceeded the analytical method uncertaint as determined by
ETS-12-012, that analytical batch uncertainty will be expanded for that particular study. The average recovery
at each LOCS level for mixed branched/linear isomer PFOA and PFOS should be within 70-130% and the
percent relative standard deviation of the recoveries must be less than or equal to 20%.
Field Duplicates: The relative percent difference (RPD) of duplicate samples should be less than 20% for the
precision of sample preparation and analysis to be considered in control. Replicate samples not meeting the
20% RPD criteria are flagged and reported as outside of QC acceptance citeria.
Field Matrix Spikes: FMVS acceptance critria are recoveries within *30% of the expected value for each
target analyt and appropriate SIRS. Sample data with FMVS recovery outside of ±30% but within ±50% of the
expected value are flagged and reported as outside of O acceptance criteria. Data with FMVS recovery
outside of ±50% of the expected value are reported as NR, where NR is defined as "Not Reportable data
outside of QC acceptance criteria. If FMS recovery could niot be assessed because FMVSs were at an
inappropriate level, then Laboratory Matrix Spikes (LMVSs) may be substituted. If IMIS recoveries are within
±30% for each target analyte and SRSs the data are reportable but flagged as not meeting the FMS method
accepace crteria.

13.5 Analytical Method Uncertainty

Analytical method uncertainty for each target analyte and SIRS is determined with control charted historical
analysis batch LOS data for the method and reported with each analysis batch.5 Uncertainty determiniations

5 Method unscertainty based on INTERNATIONAL ANS/ISO/TED STANDARD 17025 reference (GUM, Guide to the Expression of
Uncertainty in Measurement). Method application demonstrated in ETS-12-012, citing references: a.) EURACHEM/CITAC Guide,
'Quantifing Uncertainty in Analytical Measuremnt" Second Edition; Editors: S.L.R.L Ellison, M. Rosslein, and A. Ailliams.
b.)Oeorgjnn, Thomas, "Estimnation of Laboratory Analytical Uncertainty Using Laboratory Control Samnples," Environenal Testing &
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are based on INTERNATIONAL ANSIISO/IED STANDARD 17025 reference (GUM, Guide tO0 xreso
of Uncertainty in Measurement) and dlescril~ed in ETS-1 2-012. At least thirty data points are for
deterining analytical method uncoertainty. The method uncertainty is defined as 2x te = deviation of
Ithe percent recoveries of the pooled lab control spikes. While all LCS data points are conrol11 oly the

nvxd ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ h resn determinedr ue frdtemnngte ehd nortit

as within 100±t20%.
Analysi batch sample data with FMVS recovery outside of ±30% but withn *50% of te value are
flagged and reported as outside of 00 acceptance critri with expanded uncertanti es. Dat# f FMS
recovery outside of *50% of the expected value are reported as NR, where NR is dlefied -'"Reportable"
data outsidle of 0C acceptance criteria. If FMS recovery could not be assessed because FW=r at an
inappropriate level, then Laloratory Matrix Spikes (LMSs) may be substituted. If LMS rware within
130% for each target analyte and appropriate SRSs the data are reportable but flagged as te
FMS method acceptance crteria with uncertainties of *30%. If FMVS do niot meet the *30% criteria
and historical FMVS data does niot exist the analytical uncerhtait is evaluated on a basis,
te data may be reported with expanded uncertainty and are flagged.

13.6 Quantitatlon of PFOAIPFOS - Analysis Batch
Caibration standards consisting of mixed branched and linear isomer PFOSIPFOA are prefw
Quantitation is performned by integrat the linear and branched isomers together. Altra~~ inear and
branched isomers can be integrated separately, applying the appropriate true value to each pi~aincrve
point for each isomer. The LOS and samples are then quantitated by integrating the linear ilxanched
ismers separately (requires separate analytical results ties) and quantitating the resulting against the
iear or branched calibration crve. The results from both integrations are then summed olukce the final

result Integrating the linear and branched isomers separately may be hetw or those asn*whV-ere the
..lnarrnce ratios do not closely match those of the reference standards.
Hovwever, for PFOSIPFOA target analytes, if the cafltion standards are comprised of pelqiatylinear
isomers only the method requires the addition of LCSs of mixed branched/inear isorm PF r4,'OA. The
purpose of indcting these LOSs is to demonstrate quantitative equivalency (or quantitative ~)of the
isomeric mix when using a predominantly linear PFOS or PFOA standard for callfration. ,4aiv in lieu
of mixed branched and linear isomer PFOSIPFOA LCSs, mixed branched and linear isomePOSIPFOA
TB3MSs may be appled to demonstrate method accuracy and precisiont.
An alternate method of quantitation can be performed whereby only the inear isomer of PF QA is
integrated and used for generating the caibraion curve. The LOS and samples are the by
ineting the linear and branched isomers separately (requres separate anayialrsut ) and
quantitating the resulting peak against the liear cailiration curve. The results from both are then
surnmed to produce the final result Intgrating the ineair and branched isomers seaaelah on-
column coincentration for those samples that contain both lineair and branched isomers f OS. This
ensures that the concentration detected is within the a range of the caibration curve tat is parable
regardless of whether the calib~ration crve was generated using predominantly linear 014rn PFOSJPFOA
or linear plus branched isomers of PFOS/PFOA.

14 Pollution Prevention and Waste Management

Waste generated when performing this method will be disposed of appropriately. The ori"4Pawnples will be

archived at the 3M Environmental Laboratory in accordance with internal proceduires.

Analysis, Novemba/Decernbe 2000. c.)Taylor, B.N. and CE. Kuyatt, NIST Technical Note 1297.1994 Edidtii Nuidlines for
Evaluating and Expressing the Uncetainty of NIST Measurement Restlts,"d.)Mams, T.M., "AMLA Guide for p1*0stirnition of
Measurement Uncertainty in Testing", July 2002.

ETS-8-044.1 Page ~2
Method of Analysis for the Determination of Perfiuorinated Compounds in Water by LC/NSfS;Direct Injection

Analysis Op10o 3



GLPIO-01-2; Interfn Report 37
Analyss of PFBS, PFHS, and PFOS in Water Samples

Former Bert Jelties Pmpert - Octobe 2012

15 Records

Each data package generated for a study must include all supporting information for reconstruction of the data.
Infrmion for the data package must include, but is not limited to the following items: study or projec
num~ber, sample and standard prep sheetskeoords, instrument run log (instrument batch records, instrumlent
acquisito method, summary pages), instrument results files, chromatograms, calibration curves, and data
calclations.

16 Affected Documents

None.

17 Revisions

Revision
Number Summary of Chanaes

1 Section 1. Included the use of internal standard calibration by this method.
Section 2. Included the use of internal standard calibration by this method. Included the
use of a solvent/water mixture when analyzing for PFUnA, PFDoA, PFTrDA, and FOSA.
Section 3. Added definitions for internal standard, surrogate internal standard, and
surrogate recovery standard.
Section 6. Removed the details regarding the instrument parameters to section 10 of the
method.
Section 7. Updated reference standards to include internal standards and surrogates.
Changed concentration levels for working standards and included the use of internal
standards and surrogates.
Section 8. Inserted a new section on sample bottle preparation.
Section 9 Quality Control. This section was previously section 10 in ETS-8-044.0. Updated
QC criteria to be consistent with method ETS-8-154.4.
Section 10 Procedures. This section was previously section 8 (Sample Handling) in ETS-8-
044. 0. Added detail regarding the preparation of LCSs. Included the use of methanol as a
dilution solvent
Section I11 Sample Analysis. This section was previously section 10 in ETS-8-044. 0.
Included the details regarding the instrument parameters.
Section 12 Data Analysis and Calculations. This section was previously section 11 in ETS-
8-044. 0. Removed the equation for calculating the analytes concentration, indicating that
this is done by the instrument soft ware.
Section 13 Method Per formance. This section was previously section 12 in ETS-8-044.0.
Updated QC criteria to be consistent with ETS-8-154.4. Added information on the
determination of analytcal method uncertainty and quantitation of PFOAJ'PFOS.
Section 14 Pollution Prevention. This section was previously section 13 in ETS-8-044.0.
Section 15 Records. This section was previously section 14 in ETS-8-044.O.
Section 16 Affected Documents. This section was previously section 15 in ETS-8-04. 0.
Section 17 Revisions. This section was previously section 16 in ETS-4. 0.
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RECORD OF DEVIATIONINONCONFORMANCE
L. Identification

Study / Project No. Date(s) of Occurrence: Document Number:
GLPI 0-01-02-37 10124112 ETS41-044.1
Deviation type 0 SOP o Equipment Procedure [z Method
(Check one) 0 Protocol 0 GPO 0 Other:

II. Description (attach extra paes as needed)
Method Requirements:

1. Field Duplicates (section 13.4) -The RPD of duplicate sample should be s 20%.

Actual procedure/process:

1. JPAL SW ET04 121008 - The %RPD flor PFBS was 37%, PFHS 31 % and PFOS 35%.

N.L Actions Taken (such as amenmnt Lssuecl sop revision, etc)

Corrective Action (0 Yes l No) Reference:

Acceptability of the nonconforming work:

1. The non-compliant RPDs will be noted In the final report.

Actions: 0 Halting of Work 0 Client Notification 0 Work Recall 0 Withholding of Report
Rl Other: Deviations will be noted in final report.

Project Lead/PAl Approval: Susan Wolf Date:

Study Director (if GLP): NA Date: NA

Sponsor Approval (for GLP protocol deviations): NA Date: NA
Technical Reviewer (optional): NA Date: NA
Laboratory Technical Director Approval: Date:

IV Authorization to Resume Work
Where halt!n of work occurred, resum o of work must first be apprved by Laboraor Manageet

Laboratory Department Manager Approval: NA Date: NA

Deviation No._______
(assigne by Study &rector or Team Leader at the end of study or projec)

Attachment A ETS-4-008.7 Page I of I
Documentation of Deviations and Control of Nonconforming Testing
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